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(54) Fungicides for the control of take-all disease of plants. 

(g) A method of controlling Take-all disease of plants by applying, preferably to the seed prior to planting, 
a fungicide of the formula 
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wherein Zj and Z 2 ar C or N and ar part of an aromatic ring selected from benz ne, pyridine, 
thiophene, furan, pyrrole, pyrazole, thiazol , and isothiazol ; 

A is sel cted from -C(X)-amine, -C(0)hSR 3 , -NH-C(X)R4, and -C(=NR 3 )-XR 7 ; 

B is -W m -Q(R 2 ) 3 or selected from o-tolyl, 1-naphthyl, 2-naphthyl, and 9-phenanthryl, each optionally 
substituted with halogen or R4 ; 

Q is C, Si, G , or Sn ; 

W is -C(R 3 )pH (2 . pr ; or when Q is C, W is selected from -C(R 3 )pH {2 ^ r , •N(R 3 ) m H (lHT , r , -S(0) p -, and -O- ; 
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X is O or S ; 
n is 0, 1, 2, or 3 ; 
m is 0 r 1 ; 
p is 0, 1, or 2 ; 

each R is ind p ndentiy set cted from 

a) halo, formyl, cyano, amino, nitro, thiocyanato, isothiocyanato, trimethylsilyl, and hydroxy ; 

b) C1-C4 alkyl, alkenyl, alkynyl, C3-C6 cydoalkyl, and cycioalkenyl, each optionally substituted with 
halo, hydroxy, thio, amino, nitro, cyano, formyl, phenyl, C1-C4 alkoxy, alkylcarbonyl, alkylthio, 
alkylamino, dialkylamino, alkoxycarbonyl, (alkylthio)carbonyl, alkylaminocarbonyl, dialkylaminocar- 
bonyl, alkylsulfinyl, or alkylsurfonyl ; 

c) phenyl, furyi, thlenyl, pyrrolyl, each optionally substituted with halo, formyl, cyano, amino, nitro, 
C1-C4 alkyl, alkenyl, alkynyl, alkoxy, alkylthio, alkylamino, dialkylamino, haloalkyl, and haloalkenyl ; 

d) C1-C4 alkoxy, alkenoxy, alkynoxy, C3-C6 cycloalkyloxy, cycloalkenyloxy, alkylthio, alkylsulfinyl, 
alkyisulfonyl, alkylamino, dialkylamino, alkylcarbonylamino, aminocarbonyl, alkylaminocarbonyl, 
dialkylaminocarbonyl, alkylcarbonyl, alkyl carbonyloxy, alkoxycarbonyl, (alkylthio)carbonyl, phenylcar- 
bonylamino, phenylamino, each optionally substituted with halo ; 

wherein two R groups may be combined to form a fused ring ; 
each R 2 is independently selected from alkyl, alkenyl, alkynyl, cycloalkyl, cycioalkenyl and phenyl, each 
optionally substituted with R4 or halogen ; and wherein, when Q is C, R 2 may also- be selected from halo, 
alkoxy, alkylthio, alkylamino, and dialkylamino ; 

wherein two R 2 groups may be combined to form a cyclo group with Q ; 

Ra is C1-C4 alkyl ; 

R4 is C1-C4 alkyl, haloalkyl, alkoxy, alkylthio, alkylamino, or dialkylamino ; and 

R 7 is C1-C4 alkyl, haloalkyl, or phenyl, optionally substituted with halo, nitro, or R4 ; 

or an agronomic salt thereof. 
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Field of th Invention 

This invention relates to a m thod f r th control of Take-All disease in plants, particularly cereals, by the 
use of c rtain substitut d aryl compounds, some of which are nov I, and fungicidal compositions for carrying 
5 out the method. 

Background of the Invention 

Take-all disease is a serious problem in the production of cereals, particularly wheat and barley. It is 
10 caused by the soil-borne fungus Gaeumannomyces graminis (Gg). The fungus infects the roots of the plant, 
and grows throughout the root tissue, causing a black rot. The growth of the fungus in the roots and lower 
stem prevents the plant from obtaining sufficient water and/or nutrients from the soil, and is manifested as poor 
plant vigor and, in severe instances of disease, by the formation of "whiteheads," which are barren or contain 
few, shriveled grains. Yield losses result. Gaeumannomyces species also infect other cereal crops, for exam- 
15 pie, rice and oats; and turf. 

Currently the primary means of avoiding crop loss due to infestation of the soil by Gg has been to rotate 
the crop grown to one which is resistant to Gg. However, in areas where the primary crops are cereals, rotation 
is not a desirable practice, and an effective control agent is greatly desired. 

It is an object of this invention to provide an effective method for control of Take-all disease in plants. It is 
20 a further object of this invention to provide compounds that control the growth of Gg in the soil so as to reduce 
crop loss. It is still a further object of this invention to provide fungicidal compositions that may be used for 
control of Take-all disease. 

Summary of the Invention 

25 

The present invention provides a method of controlling disease caused by Gaeumannomyces species in 
plants comprising applying to the plant locus, that is, the plant itself, its seed, or the soil, a fungicidally effective 
amount of a fungicide of the formula 



35 




wherein Z, and Z 2 are C or N and are part of an aromatic ring selected from benzene, pyridine, t hiophene, 
furan, pyrrole, pyrazole, thiazole, and isothiazole; 

A is selected from -C(X)-amine, -C(0)-SR 3 , -NH-C(X)R4, and -C(=NR 3 )-XR 7 ; 
B is -W m -Q(R 2 ) 3 or selected from o-tolyl, 1-naphthyl, 2-naphthyl, and 9-phenanthryl, each optionally 
45 substituted with halogen or R4; 
Q is C, Si, Ge, or Sn; 

W is -C(R3) P H (2 _ P) -; or when Q is C, W is selected from -C(R 3 ) P H (2 _ P) -, -N(R3) m H (1 _ mP -S(0) p -, and -0-; 
X is O or S; 
n isO, 1, 2, or 3; 
so misOoM; 

p is 0, 1, or 2; 
each R is independently selected from 

a) halo, formyl, cyano, amino, nitro, thiocyanato, isothiocyanato, trimethylsilyl, and hydroxy; 

b) C1-C4 alkyl. alkenyl, alkynyl, C3-C6 cycloalkyl, and cycloalkenyl, each optionally substituted with halo, 
55 hydroxy, thio, amino, nitro, cyano, formyl, phenyl, C1-C4 alkoxy, alkylcarbonyl, alkylthio, alkylamino, dia- 

ikylamino, alkoxycarbonyl, (alkylthio)carbonyl, alkylaminocarbonyl, dialkylaminocarbonyl, alkylsulfinyl, or 
alkylsulfonyl; 

c) phenyl, furyi, thienyl, pyrrolyl, each optionally substituted with halo, formyl, cyano, amino, nitro, C1-C4 
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alkyl, alkenyl, alkynyl, alkoxy, alkylthio, alkylamino, dialkylamino, haloalkyl, and haloalkenyl; 
d) C1-C4 alkoxy, alk noxy, alkynoxy, C3-C6 cycloalkyloxy, cycloalkenyloxy, alkylthio, alkylsulfinyl, alkyl- 
sulfonyl, alkylamino, dialkylamino, alkylcarbonylamino, aminocarbonyl, alkylaminocarbonyl, dialkylamino- 
carbonyl, alkylcarbonyl, alkylcarbonyloxy, alkoxy carbonyl, (alkylthlo)carbonyl, phenylcarbonylamino, phe- 
nylamino, each optionally substituted with halo; 
wherein two R groups may be combined to form a fused ring; 

each R 2 is independently selected from alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl and phenyl, each 
optionally substituted with R4 or halogen; and wherein, when Q is C, R 2 may also be selected from halo, alkoxy, 
alkylthio, alkylamino, and dialkylamino; 

wherein two R 2 groups may be combined to form a cyclo group with Q; 

Rais C1-C4 alkyl; 

R4 is C1-C4 alkyl, haloalkyl. alkoxy, alkylthio, alkylamino, or dialkylamino; 

R 7 is C1-C4 alkyl, haloalkyl, or phenyl, optionally substituted with halo, nitro, or R4; 
or an agronomic salt thereof. 

The term "amine" in -C(X)-amine means an unsubstituted, monosubstituted, or disubstituted amino radical, 
including nitrogen-bearing heterocycles. Examples of substituents for the amino radical include, but are not 
limited to, hydroxy; alkyl, alkenyl, and alkynyl, which may be straight or branched chain or cyclic; alkoxyalkyl; 
haloalkyl; hydroxyalkyl; alkylthio; alkylthioalkyi; alkylcarbonyl; alkoxycarbonyl; aminocarbonyl; alkylaminocar- 
bonyl; cyanoalkyl; mono- or dialkylamino; phenyl, phenylalkyl or phenylalkenyl, each optionally substituted with 
one or more C1-C6 alkyl, alkoxy, haloalkyl, C3-C6 cycloalkyl, halo, or nitro groups; C1-C4 alkyl or alkenyl 
groups substituted with heterocycles, optionally substituted with one or more C1-C4 alkyl, alkoxy, haloalkyl, 
halo, or nitro groups. Examples of such nitrogen-bearing heterocycles, which are bonded at a nitrogen to -C(X)- 
, include, but are not limited to, morpholine, piperazine, piperidine, pyrrole, pyrrolidine, imidazole, and triazoles, 
each of which may be optionally substituted with one or more C1-C6 alkyl groups. 

Specific examples of the amino radicals useful in the present invention include, but are not limited to, ethy- 
lamino, methylamino, propylamine, 2-methylethyl amino, 1-propenylamino, 2-propenylamino, 2-methyl-2-pro- 
penylamino, 2-propynylamino, butyiamino, 1,1-dimethyl-2-propynylamino, diethylamino, dimethyl amino, N- 
(methyl)ethylamino, N-(methyl)- 1,1 -(dimethyl) ethylamino, di propylamine octylamino, N-(et hyl)-1 -methyl e- 
thylamino, 2-hydroxyethylamino, 1-methylpropylamino, chloromethylamino, 2-chloroethylamino, 2-bromoe- 
thylamino, 3-chloropropylamino, 2,2,2-trifluoroethylamino, cyanomethyl, methylthiomethylamino, (methyisul- 
fonyl)oxyethylamino, 2-ethoxyethylamino, 2-methoxyethylamino, N-(ethyl)-2-ethoxyethylamino, 1-methoxy- 
2,2-dimethylpropylamino, cyclopropylamino, cyclo butyiamino, cyclopentylamino, cyclohexylamino, methoxy- 
methylamino, N-(methoxymethyl)ethylamino, N-(l-methylethyl) propylamine 1-methylheptylamino, N-(et- 
hyl)-1-methylheptylamino, 6,6-dimethyl-2-hepten-4-ynylamino, 1 ,1-dimethyl-2-propynylamino. Further exam- 
ples include benzylamino, ethyl benzylamino, 3-methoxybenzylamino, 3-(trifluoromethyl)benzyl amino, N-me- 
thyl-3-(trifluoromethyl) benzylamino, 3,4,5-trimethoxybenzylamino, 1,3-benzodioxol-5-ylmethylamino, phe- 
nylamino, 3-(1-methylethyl)phenylamino, ethoxy phenyl ami no, cyclo pentyl phenyl ami no, methoxyphenylami- 
no, nitrophenyiamino, 1-phenylethylamino, N-(methyl)-3-phenyl-2-propenylamino, benzotriazolylphenylme- 
thyl, 2-pyridinylmethylamino, N-(ethyl)-2-pyridinylmethylamino, 2-thienylmethylamino, and furylmethylamino. 
Further examples of amino radicals include methyl hydrazine dimethyihydrazino, N-ethylanilino, and 2-methy- 
lanilino. The amine may also be substituted with diethyl N-ethylphosphoramidic acid, t-butoxycarbonyl, me- 
thoxycarbonyl, ethoxycarbonyl, propoxycarbonyl, etc. Of these examples of the amino radical, ethylamino is 
preferred. 

Examples of B include, but are not limited to, trimethylsilyl, ethyldimethylsilyl, diethylmethylsilyl, triethyl- 
silyl, dimethylpropylsilyl, dipropylmethylsilyl, dimethyl-1-(methyl)ethylsilyl, tripropylsilyl, butyldimethylsilyl, 
pentyldimethylsilyl, hexyldimethylsilyl, cyclopropyldimethylsilyl, cyclobutyldimethylsilyl, cyclopentyldimethyl- 
silyl, cyclohexyldimethylsilyl, dimethylethenylsilyl, dimethylpropenylsilyl, chloromethyldimethylsilyl, 2-chloroe- 
thyldimethylsilyl, bromomethyldimethylsilyl, bicycloheptyldimethylsilyl, dimethylphenylsilyl, dimethyl-2-(me- 
thyl)phenylsilyl, dimethyl-2-fluorophenylsilyl, and other such silyl groups of the formula Si(R2) 3 ; any such silyl 
group connected to the Z r Z 2 ring by a methylene group; and any of these groups wherein germanium or tin 
is substituted for silicon. Of these examples of B, trimethylsilyl is preferred. 

Further examples of B include 1,1-dimethyl ethyl, 1,1-dimethylpropyl, 1,1-dimethylbutyl, 1,1-dimethylpen- 
tyl, 1-ethyM-methylbutyl, 2, 2-dimethyl propyl, 2,2-dimethyl butyl, 1-methyl-1-ethylpropyl, 1,1 -diethyl propyl, 
1,1,2-trimethylpropyl, 1,1,2-trim thylbutyl, 1 ,1 ,2,2-tetram ethyl propyl, 1,1-dim thyl-2-prop nyl, 1,1,2-trime- 
thyl-2-propenyl, 1,1-(dim thyl)-2-butenyl, 1,1-dimethyl-2-propynyl, 1,1-(dimethyl)-2-butynyl, 1-cyclopropyl-1- 
methylethyl, 1 -cyclo butyl- 1-m thylethyl, 1-cyclopentyi-1-m thyl thyl, 1-(1-cyclop ntenyl)-1 -methyl thyl, 1- 
cycloh xyl-1-methylethyl,1-(1-cycloh xenyl)-1-methylethyl, 1-methyl-1-ph ny let hyl, 1,1-dim thyl-2-chloroe- 
thyl, 1,1-dimethyl-3-chloropropyl, 1,1-dimethyl-2-methoxy thyl, 1,1-dimethyl-2-(methylamino)ethyl, 1,1-di- 
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methyl-2-(dimethylamino) ethyl, 1,1-dim thyl-3-chloro-2-prop nyl, 1 -methyl- 1-methoxyethyl, 1-methyM- 
(methylthio)ethyl, 1-m t hyl-1 -(met hylami no)et hyl, 1 -methyl- l-(dimethylamino) thyl, 1-chloro-1-m thyl thyl, 

1- bromo-1 -methyl thyl, and 1-iodo-1-methylethy1. Of th se xamples of B, 1,1 -dim thyi thyl is pref rr d. 

Further examples of B are 1,1-dimethylethylamino, 1,1-dimethylpropylamino, 1,1-dimethylbutylamino, 
5 1,1-dimethylpentylamino, 1-ethyi-1-methylbutylamino, 2,2-dimethylpropyiamino, 2,2-dimethylbutylamino, 1- 
methyl-1-ethylpropylamino, 1,1-dlethylpropylamino, 1,1,2-trimethylpropylamino, 1,1,2-trimethylbutylamino, 
1,1,2,2-tetramethylpropyiamino, 1,1-dimethyl-2-propenylamino, 1,1,2-trimethyl-2-propenylamino, 1,1-dime- 
thyl-2-butenylamino, 1,1-dlmethyl-2-propynylamino, 1,1-dimethyl-2-butynylamlno f 1-cyclopropyl-1-methyle- 
thylamino, 1-cydobutyl-1-methylethylamino, 1-cyclopentyl-1-methylethylamlno, 1-(1-cyclopentenyl)-1-me- 
w thylethylamlno, 1-cydohexyl-1 -met hylet hyl amino, 1-(1-cyclohexenyl)-1-methylethylamlno, 1 -met hyl-1 -phe- 
nyl et hylami no, 1,1-dimethyl-2-chloroethylamino, l.l-dimethyl-3-chloropropylamino, 1,1-dimethyl-2-methox- 
yethylamino, 1 f 1-dimethyl-2-(methylamlno)-ethylamino, 1,1-dimethyl-2-(dimethylamino)ethylamino, and 1,1- 
dlmethyl-3-chloro-2-propenylamino. Any of these groups may also have a methyl substitution on the nitrogen, 
as in N-(methyl)-1,1-dimethylethylamino and N-(methyl)-1,1-dimethylpropylamino. Of these examples of B, 
15 1,1-dimethylethylamino and N-(methyl)-1,1-dimethylethylamino are preferred. 

Further examples of B include 1,1-dimethylethoxy, 1,1-dimethylpropoxy, 1,1-dimethylbutoxy, 1,1-dime- 
thylpentoxy, 1-ethyl-1-methylbutoxy, 2,2-dimethylpropoxy, 2,2-dimethylbutoxy, 1-methyM-ethylpropoxy, 
1,1-diethylpropoxy, 1,1,2-trimethylpropoxy, 1,1,2-trimethylbutoxy, 1,1,2,2-tetramethylpropoxy, 1,1-dimethyl- 

2- propenoxy, 1,1,2-trimethyl-2-propenoxy, 1,1-dimethyl-2-butenoxy, 1,1-dimethyl-2-propynyloxy, 1,1-dime- 
20 thyl-2-butynyloxy, 1-cyclopropyl-1-methylethoxy, 1-cyclo butyl- 1-methylethoxy, 1-cyclopentyl-1-methyle- 

thoxy, 1-(1-cyclopentenyl)-1-methylethoxy, 1-cyclohexyl-1-methylethoxy f 1-(1-cyclohexenyl)- 1-methyle- 
thoxy, 1-methyi-1-phenylethoxy, 1,1-dimethyl-2-chloroethoxy, 1,1-dimethyl-3-chloropropoxy f 1,1-dimethyt-2- 
methoxyethoxy, 1,1-dimethyl-2-(methylamino)ethoxy, 1,1-dimethyl-2-(dimethylamino) ethoxy, 1,1-dimethyl- 

3- chloro-2-propenoxy. Of these examples of B, 1,1-dimethylethoxy is preferred. 

25 Further examples of B include 1-methylcyclopropyl, 1-methylcyclobutyl, 1-methylcyclopentyl, 1-methyl- 

cyclohexyl, 1-methyIcyclopropylamino, 1-methylcyclobutyl amino, 1-methylcyclopentylamino, 1-methylcyclo- 
hexylamino, N-(methyl)-1-methylcyclopropylamino f N-(methyl)-1-methylcyclobutylamino, N-(methyl)-1-me- 
thylcyclopentylamino, and N-(methyl)-1-methylcyclohexylamino. 

R n may be any substituent(s) which do(es) not unduly reduce the effectiveness of the compounds to function 
30 in the method of disease control. R„ is generally a small group; V is preferably 1 for benzene rings and 2 for furan 
and thiophene. R is more preferably methyl or halogen, and more preferably is located adjacent to A. 

The present invention also provides novel compounds of the formula given above. However, when and 
Z 2 are part of a benzene ring, the following are not included as novel compounds: 1) n is not zero when B is 
trimethylsilyl and A is N f N-diethylaminocarbonyl, N,N-bis (1 -met hylet hyl )aminocarbonyl, N-methylaminothio- 
35 carbonyl, N-ethylaminocarbonyl, 1-piperidinylcarbonyl, or N-phenylaminocarbonyl; or when B is orthotolyl and 
Ais N,N-diethylaminocarbonyl f N,N-bis(1-methylethyl) aminocarbonyl, N-methylaminocarbonyl, or O-methyl- 
carbamyl; or when B is 1,1-dimethyiethyl and Ais N,N-dimethylaminothiocarbonyl or N-phenylaminocarbonyl; 
or when B is trimethylstannyl and A is N,N-diethylaminocarbonyl or 0-(1,1-dimet hylet hyl)carbamyl; 2) when 
B is 2-trimethylsilyl and Ais N,N-diethylaminocarbonyl, R„ is not 3-fluoro-6-formyl f 3-f luoro-6-methyl, 3-chloro- 
40 6-formyl, 3-fluoro, 3-chloro, 3-chloro-6-methyl, 6-trimethylsilyl, or 6-methyl; 3) when A is 0-(1,1-dimethyle- 
thyl)carbamyl and B is 2-trimethylsilyl, R„ is not 5-trifluoromethyl; 4) when Ais N-phenylaminocarbonyl and B 
is 2,2-dimethylpropyl, R„ is not 3-methyl; and 5) R is not isothiocyanato when Ais -C(0)-amine and W m is -O-. 

When and Z 2 are part of a thiophene, furan or pyrrole ring, the novel compounds of the present invention 
do not include B equal to trimethylsilyl when A is (diethylamino)carbonyl. 
45 The invention also provides fungicidal compositions useful in said method. 

As used herein, the term "alkyl", unless otherwise indicated, means an alkyl radical, straight or branched 
chain, having, unless otherwise indicated, from 1 to 10 carbon atoms. The terms "alkenyP and "alkynyl" mean 
unsaturated radicals having from 2 to 7 carbon atoms. Examples of such alkenyl groups include ethenyl, 1- 
propenyl, 2-propenyl, 1-butenyl, 2-butenyl, 3-butenyl, 2-methyl-1-propenyl, 2-methyl-2-propenyl, 1-methyle- 
so thenyl, and the like. Examples of such alkynyl groups include ethynyl, 1-propynyl, 2-propynyl, 1,1-dimethyl- 
2-propynyl, and so forth. Substituent groups may also be both alkenyl and alkynyl, for example, 6,6-dimethyl- 
2-hepten-4-ynyl. 

As used herein, the term "alkoxy" means an alkyl group having, unless otherwise indicated, from 1 to 10 
carbon atoms conn ct d via an th rlinkag . Examples of such alkoxy groups include methoxy, ethoxy, pro- 
55 poxy, 1-methylethoxy, and so forth. 

As used herein, th t rm "alkoxyalkyl" m ansan ther radical having, unl ssotherwis indicated, from 1 
to 10 carbon atoms. Examples of such alkoxyalkyl groups include methoxym thyl, methoxyethyl, thoxym - 
thyl, thoxy thyl, and so forth. 
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As used h rein, th terms "monoalkylamino" and "dialkyiamino" ach mean an amino group having, re- 
spectiv ly, 1 or 2 hydrogens r placed with an alkyl group. 

As used h rein,th term "haloalkyl" m ans an alkyl radical having on ormor hydrog n atoms replaced 
by halogens, including radicals having all hydrogen atoms substituted by halog n. Examples of such haloalkyl 
5 groups are fluoromethyl, difluoromethyl, trifluoromethyl, chloromethyl, trichloromethyl, and so forth. 

As used herein, the term "halo" means a radical selected from chloro, bromo, fluoro, and bdo. 

Detailed Description of the Invention 

10 Control of Gg diseases, including Take-Ail, using a chemical control agent may be accomplished in several 

ways. The agent may be applied directly to soil infested with Gg t for example, at the time of planting along 
with the seed. Alternatively, it may applied after planting and germination. Preferably, however, it is applied 
to the seed in a coating prior to planting. This technique is commonly used in many crops to provide fungicides 
for control of various phytopathological fungi. 

15 Compositions of the present invention are comprised of a fungicidally effective amount of one or more of 

the compounds described above and one or more adjuvants. The active ingredient may be present in such 
compositions at levels from 0.01 to 95 percent by weight. Other fungicides may also be included to provide a 
broader spectrum of fungal control. The choice of fungicides will depend on the crop and the diseases known 
to be a threat to that crop in the location of interest 

20 The fungicidal compositions of this invention, including concentrates which require dilution prior to appli- 

cation, may contain at least one active ingredient and an adjuvant in liquid or solid form. The compositions are 
prepared by admixing the active ingredient with an adjuvant including diluents, extenders, carriers, and con- 
ditioning agents to provide compositions in the form of finely-divided particulate solids, granules, pellets, sol- 
utions, dispersions or emulsions. Thus, it is believed that the active ingredient could be used with an adjuvant 

25 such as a finely-divided solid, a liquid of organic origin, water, a wetting agent, a dispersing agent, an emulsi- 
fying agent or any suitable combination of these. 

Suitable wetting agents are believed to include alkyl benzene and alkyl naphthalene sulfonates, sulfated 
fatty alcohols, amines or acid amides, long chain acid esters of sodium isothionate, esters of sodium sulfosuc- 
cinate, sulfated or sulfonated fatty acid esters, petroleum sulfonates, sulfonated vegetable oils, ditertiary acet- 

30 ylenic glycols, polyoxyethylene derivatives of alkylphenols (particularly isooctylphenol and nonylphenol) and 
polyoxyethylene derivatives of the mono- higher fatty acid esters of hexitol anhydrides (e.g., sorbitan). Prefer- 
red dispersants are methyl, cellulose, polyvinyl alcohol, sodium lignin sulfonates, polymeric alkyl naphthalene 
sulfonates, sodium naphthalene sulfonate, and polymethylene bisnaphthalene sulfonate. Stabilizers may also 
be used to produce stable emulsions, such as magnesium aluminum silicate and xanthan gum. 

35 Other formulations include dust concentrates comprising from 0.1 to 60% by weight of the active ingredient 
on a suitable extender, optionally including other adjuvants to improve handling properties, e.g., graphite. 
These dusts may be diluted for application at concentrations within the range of from about 0.1-10% by weight. 

Concentrates may also be aqueous emulsions, prepared by stirring a nonaqueous solution of a water-in- 
soluble active ingredient and an emulsification agent with water until uniform and then homogenizing to give 

40 stable emulsion of very finely-divided particles. Or they may be aqueous suspensions, prepared by milling a 
mixture of a water- insoluble active ingredient and wetting agents to give a suspension, characterized by its 
extremely small particle size, so that when diluted, coverage is very uniform. Suitable concentrations of these 
formulations contain from about 0.1-60% preferably 5-50% by weight of active ingredient 

Concentrates may be solutions of active ingredient in suitable solvents together with a surface active 

45 agent Suitable solvents for the active ingredients of this invention for use in seed treatment include propylene 
glycol, furfuryl alcohol, other alcohols or glycols, and other solvents which do not substantially interfere with 
seed germination. If the active ingredient is to be applied to the soil, then solvents such as N,N-dimethylfor- 
mamide, dimethylsulfoxide, N-methyl pyrrol idone, hydrocarbons, and water-immiscible ethers, esters, or ke- 
tones. 

so The concentrate compositions herein generally contain from about 1 .0 to 95 parts (preferably 5-60 parts) 
active ingredient, about 0.25 to 50 parts (preferably 1-25 parts) surface active agent and where required about 
4 to 94 parts solvent, ail parts being by weight based on the total weight of the concentrate. 

For application to the soil at the time of planting, a granular formulation may be used. Granules are phys- 
ically stable particulate com positions comprising at least on activ ingr di ntadhered to or distributed through 

55 a basic matrix of an inert, finely-divided particulate extender. In order to aid leaching of th activ ingredient 
from the par ticulat , a surface active ag ntsuchasthos list dher inbefor , or for exam pie, propylene glycol, 
can be present in the composition. Natural clays, pyrophyllites, illit , and vermiculite ar examples of operable 
classes of particulate mineral ext nders. The preferred extenders are th porous, absorptiv , preformed par- 
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tides such as preformed and scr ned particulat attapulgit or heat expand d, particulat vermiculit and 
the fin ly-divided clays such as kaolin clays, hydrated attapulgite or bentonitic clays. Thes ext nd rs are 
sprayed or blended with the activ ingredient to form the fungicidal granules. 

Th granular compositions of this invention may contain from aboutO.1 to about 30 parts by weight of activ 
ingredient per 100 parts by weight of clay and 0 to about 5 parts by weight of surface active agent per 100 
parts by weight of particulate clay. 

The method of the present invention may be carried out by mixing the composition comprising the active 
ingredient into the seed prior to planting at rates from 0.01 to 50 g per kg of seed, preferably from 0.1 to 5 g 
per kg, and more preferably from 0.2 to 2 g per kg. If application to the soil is desired, the compounds may be 
applied at rates from 10 to 1000 g per hectare, preferably from 50 to 500 g per hectare. The higher application 
rates will be needed for situations of light soils or greater rainfall or both. 

The compounds useful in the present invention may be prepared by methods known to those of ordinary 
skill in the art. The following examples illustrate some of these methods and are illustrative only; they are not 
meant to be limiting in any way. 

Unless otherwise indicated, percentages are given as weight/weight. Melting points and boiling points are 
reported uncorrected. Thin layer chromatography was carried out with varying concentrations of ethyl acet- 
ate/hexanes elutions. Tetrahydrofuran and ether solvents were distilled from sodium metal/benzophenone im- 
mediately prior to use. N,N,N',N'-(Tetramethyl)-ethylenediamine was distilled from calcium hydride prior to use. 
All other reagents were purchased from Aldrich or Lancaster and used without purification. A measured phys- 
ical property is reported for each example or the elemental analysis is given at the end of the examples. 

The following abbreviations have the meanings shown: 



n-BuLi 


n-Butyl lithium 


s-BuLi 


sec-Butyi lithium 


t-BuLi 


tert-Butyl lithium 


DAST 


Diethylaminosulfur trif luoride 


DEAD 


Diethyl azodicarboxylate 


DMF 


Dimethylformamide 


DMSO 


Dimethylsulfoxide 


TMSCI 


Trimethylsilyl chloride 


THF 


Tetrahydrofuran 


TMEDA 


N,N,N',N'-(tetramethyl)ethylenediamine 


eq 


equivalent(s) 


aq 


aqueous 


sat 


saturated 


min 


minutes 


h 


hours 


Mel 


Methyl iodide 


Lawesson's Reagent 


[2,4-bis(4-met hoxy phenyl)- 1 ,3-dit hia-2,4 


TLC 


Thin Layer Chromatography 


HPLC 


High Pressure Liquid Chromatography 


RC 


Radial Chromatography 


GLC 


Gas-liquid Chromatography 


RT 


room temperature 


m.p. 


melting point 


General Methods 





The phrase "worked up in the usual manner" refers to treatment of the reaction mixture with 1 0% aq citric 
acid, extraction with diethyl ether, washing of the combined organic extracts with sat brine solution, drying of 
so the organic extract over MgS0 4 , and evaporation to dryness in vacuo to afford the crude product. The phrase 
"appropriate" means a compound having the substituents desired for the final product of the reaction. 

Method A Ortho-introduction of Electrophiles into N,N-dialkylbenzamides. 

55 1.3Ms-BuLiincycloh xan (1.1 to 1.2 molar q) was added dropwise to a dry-ic /aceton oraneth r/liquid 

nitrogencool d 1.0M solution of TMEDA (1.0 to 1.2 molar eq) in THF, follow d by thedropwis addition of the 
appropriate N,N-dialkylbenzamid (1.0 eq) in THF. Th r suiting reaction mixture was stirred for 30-60 min at 
-78°Cto nsur complete aryl anion format ion, then was cooled to ^-90°C with an eth r/liquid nitrog nbath 
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and qu nched by the careful addition of the appropriate electrophile. The reaction was allow d to warm slowly 
toO°Cth nwaswork dupintheusualmann r.lfne ded, the crude product was purified by chromatography, 
recrystailization or distillation. 

5 Method B. Ortho-introduction of Electrophiles into N,N-dialkylbenzamides via Inverse Addition. 

1.3M s-BuLi in cyclohexane (1.2 eq) was added dropwise to an ether/liquid nitrogen cooled 1.0M solution 
of TMEDA (1 .2 eq) in THF, followed by the dropwise addition of the appropriate N, N-dialkylbenzamide (1 .0 eq) 
in THF. The internal reaction temperature was maintained between -80 and -95 °C during both additions. After 
10 addition, the cooling bath was replaced with dry-ice /acetone, and the resulting reaction was stirred at -78 °C 
for 1 h. This solution was then cannulaed into a solution of an excess of the appropriate electrophile in THF 
at a rate which maintained the internal reaction temperature below -80 °C with an ether/liquid nitrogen bath. 
The resulting reaction mixture was slowly allowed to 0 °C then purified in the manner described below for each 
compound. 

15 

Method C. Ortho-introduction of Electrophiles into N-alkylbenzamides. 

1 .3M s-BuLi in cyclohexane (2.1 to 2.2 eq) was added dropwise to a dry-ice/acetone or an ether/liquid ni- 
trogen cooled 1.0M solution of TMEDA (1.0 to 1.2 eq) in THF, followed by the dropwise addition of the appro- 
20 priate N-alkylbenzamide (1 .0 eq) in THF. The resulting reaction mixture was stirred for 30-60 min at -78 °C to 
ensure complete aryl anion formation, then was cooled to ^-90°C with an ether/liquid nitrogen bath and 
quenched by the careful addition of the appropriate electrophile. The reaction was allowed to warm slowly to 
-30 °C then was worked up in the usual manner. If needed, the crude product was purified by chromatography, 
recrystailization or distillation. 

25 

METHOD D . Boronate Coupling Procedure 

The compound of Example f (5.0 g, 27.2 mmol), TMEDA (6.6 g, 57.1 mmol), and THF (1 00 Ml) were stirred 
at-78°C under nitrogen, and 1.3M s-BuLi in cyclohexane (44 mL, 57.1 mmol) was added dropwise. The mixture 

30 was stirred for 15 min and trimethyi borate (3.1 g, 29.9 mmol) was added all at once. The mixture was then 
stirred at -78 °C for 30 min before warming to RT. It was then poured into 1 0% HQ (1 00 mL). This mixture was 
made basic with sat aq NaHC0 3 and extracted with ether. The aq layer was reacidified and extracted with 
CH 2 CI 2 . The combined organic layers were dried (MgS0 4 ), concentrated, and recrystallized to yield 4.2 g 4- 
chloro-2-ethyl-1-hydroxy-1H-2,1-benzazaborol-3(2H)-one as a white solid, m.p. 210-211 °C. 

35 This compound (1.05 eq) in ethanol (2 mL) is added to an appropriate aryl, benzyl, or vinyl bromide (1 eq) 
and catalytic tetrakis(triphenylphosphine)-palladium(0) in toluene (20 mL) at RT under nitrogen. Sodium car- 
bonate (4 mL of a 2M aq solution) was then added and the resulting mixture was heated to reflux (4-24 h) and 
monitored by TLC. The mixture was then cooled to room temperature, diluted with additional toluene (20 mL), 
filtered through celite/silica, washed with water, dried (MgS0 4 ), and concentrated. If needed, the crude product 

40 was purified by chromatography or recrystailization from ethyl acetate/hexanes. 

METHOD E1 . Amination of benzoyl chlorides. 

A solution of the appropriate acid chloride (1 eq) in toluene or CH 2 CI 2 was added dropwise to an ice-water 
45 cooled solution of the appropriate amine (^ 2 eq) in the same solvenL The mixture was stirred at RT for 1-16 
h until complete by GLC, then was partitioned between ethyl acetate and dilute aq acid. The organic phase 
was dried (MgS0 4 ) and concentrated. If needed, the crude product was purified by chromatography, recrys- 
tailization or distillation. 

so METHOD E2 . Amination of benzoyl chlorides. 

To a solution of the appropriate amine (>1 eq) in 50 mL CH 2 CI 2 is added an appropriate benzoyl chloride 
(1 eq) and a catalytic amount of benzyltriethylammonium chloride or pyridine. The mixture is cooled to 5 °C 
and^1 q NaOH (50% aq) is add d.Th mixture is stirred from 3-16 h, wash d with 10% HCI and water, dri d 
55 and concentrated. The crude product is purified by chromatography, recrystailization or distillation to afford 
pur product. 



8 



EP 0 538 231 A1 



Starting Mat rials 

Exampl a. 2-Chloro-6-(trimethylsiIyl)benzoic acid. 

5 2-Chlorobenzoic acid (3.91 g, 25 mmol), THF (60 mL), and TMEDA (8.6 mL, 57 mmol) were stirred under 

nitrogen and cooled to -100 °C. 1 .3M s-BuLi in cyclohexane (0.055 mol, 42.3 mL) was added dropwise keeping 
the temperature below -80 °C. After the addition was complete, TMSCI (2.7 g, 25 mmol) was added dropwise 
and the resulting mixture was allowed to stir and slowly warm to -30 °C. 25% citric acid (100 mL) was added 
and the mixture was extracted with two 50 mL portions of ether, which were then combined and washed three 

10 times with water, dried (MgS0 4 ) and concentrated. The crude product was purified by HPLC, eluting with 2:3 
ethyl acetate/hexanes. The product was recovered as a white solid in 63% yield, m.p. 129-131 °C. 

Example b. 2-Chloro-6-(trimethylsilyl)benzoyl chloride. 

15 The compound of Example a (2.4 g, 0.01 mol), thionyl chloride (3.57 g, 0.03 mol), toluene (50 mL), and 1 
drop of DMF were stirred at RT overnight. The reaction mixture was twice concentrated under vacuum from 
toluene (50 mL) to afford the desired product as a brown oil in 100% yield. 

Example c. 2-Bromo-6-(trimethylsilyl)benzoic acid. 

2-Bromobenzoic acid (30.1 5 g, 150 mmol), THF (400 mL), and diisopropyl amine (33.4 g, 330 mmol) were 
stirred under nitrogen and cooled to -78 °C. 10M n-BuLi in hexanes (31 mL, 0.31 mol) was then added dropwise, 
followed by the dropwise addition of TMSCI (17.4 g, 160 mmol). The mixture was allowed to slowly warm to - 
30°C, stirred for 1 h, then was poured into 25% citric acid (100 mL) and stirred for 15 min. The mixture was 
extracted with two 1 00 mL portions of ether, which were combined and washed three times with sat aq NaHC0 3 
solution. The bicarbonate solution was acidified with 25% citric acid and extracted with three 100 mL portions 
of ether. These extracts were combined, dried (MgS04), and concentrated. The crude product was purified 
by recrystallization from ether/hexanes, and the desired product was recovered as a white solid in 35% yield, 
m.p. 139-141 °C. 

Example d. 2-Bromo-6-(trimethylsilyl)benzoyl chloride. 

The title compound was prepared from the compound of Example c according to the procedure of Example 

35 

Example e. N,N-Diethyl-2-chlorobenzamide. 

2-Chlorobenzoyl chloride is reacted with diethylamine using General Method E1 or E2 to produce the title 
compound. 

40 

Example f. N-Ethyl-2-chlorobenzamide. 

2-Chlorobenzoyl chloride is reacted with ethyl amine using General Method E1 or E2, to produce the title 
compound. 

45 

Example g. (2-(2,6-difluorophenyl)-4.4-dimethyl-2-oxazoline. 

Asolution of 2,6-dif luorobenzoyl chloride (50 g, 283 mmol) in CH 2 CI 2 (200 mL) was added rapidly dropwise 
to an ice water-cooled solution of 2-amino-2-methyl-1-propanol (63.1 g, 708 mmol) in CH 2 CI 2 (400 mL). The 
so resulting mixture was stirred at RT and monitored to completion by GLC, then was extracted twice with 10% 
HCI and once with sat aq NaHC0 3 . The organic phase was dried (MgS0 4 ), and concentrated to afford 61.9 g 
N-(1,1-dimethyl-2-hydroxyethyl)-2,6-difluorobenzamide as a white solid. 

This compound (60 g, 283 mmol) was added portionwise to ice water-cooled thionyl chloride (65 mL). The 
resulting yellow solution was stirr d at RT for 1 h, then was poured into stirred ether. Th solid was collect d 
55 and washed with ther, then was partitioned between dilute aq NaOH and ether. This latter ther extract was 
dried (MgS0 4 ) and concentrated to afford 52.39 g of the title compound as a white solid, an 88% yi Id. 
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Exampl h. 2-Chloro-6-(trimethylsiIyI)ph nyi isocyanate. 

Th compound of Example b (5.0 mmol) was dissolved In 50 ml_ acetonltrile and tetrabutylammonium azide 
(Bu 4 N 3 ) (5.2 mmol) was added. Th mixtur was stirred at RT for 0.5 h. The solvent was removed and the r - 
5 suiting oil was dissolved in 100 mL toluene. After addition of 1 00 mL hexane a precipitate was filtered off; the 
filtrate was concentrated to yield 1 .5 g of the title compound. 

Example i. 2-Chloro-&-(trimethy1silyl)benzaldehyde. 

10 A 2.0M solution of borane-dimethylsulfide in THF (100 mL) was added over 15 min to a solution of the 
compound of Example a (11.4 g, 0.05 mol) THF (200 mL). The mixture was refluxed for two days, quenched 
with methanol (500 mL), and allowed to stand at RT for 2 days. The solvent was then removed and 2-chloro- 
a-hydroxy-6-(trimethylsilyl)toluene was recrystallized from hexane as 8.9 g of crystals, an 83% yield, m.p. 40- 
42 °C. 

15 This compound (6.4 g, 29.9 mmol) was added to a solution of pyridium chlorochromate (7.5 g) in CH 2 CI 2 
(500 mL). The mixture was stirred over 2 days and ether (500 mL) was added. The mixture was filtered through 
silica gel and the solvent removed under vacuum. Again ether (200 mL) was added and the mixture filtered 
through silica gel. The solvent was removed to yield the title compound as 6.2 g of an oil, a 98% yield. 

20 Example j. 2-(2,6-difluorophenyl)-2-oxazoline. 

2,6-Difluorobenzoyl chloride (100 g, 566 mmol) was added dropwise over 2 h to a vigorously stirred and ice 
water cooled mixture of 2-bromoethyl amine hydrobromide (116.05 g, 566 mmol), benzyltriethylammonium 
chloride (5 g, 22.0 mmol), 1 0% aq NaOH (680 mL, 1 .7 mol), and CH 2 CI 2 (1 .5 L). The resulting mixture was stirred 
25 at RT overnight, than was washed with water (3 X 200 mL), dried(MgS0 4 ), concentrated, and kugelrohr distilled 
to afford 51.8 g of 2-(2,6-difluorophenyl)-2-oxazoline as a colorless oil, a 50% yield. 

Example k. N-ethyl t-butylmethyleneimine. 

30 70% EtNH 2 (20.0 g, 310 mmol) was carefully added to trimethylacetaldehyde (24.35 g, 283 mmol) with 
ice-water cooling to control the exotherm. When the exotherm ceased, the organic layer was separated and 
reacted with an additional 70% EtNH 2 (1-2 g). The organic layer was separated and distilled (b.p. 96-98°C) 
from CaH 2 to afford 28.3 g of N-ethyl t-butylmethylene-irriine as a colorless oil, an 88% yield. 

35 Examples 1-4 

These compounds are prepared as reported by Mills, et al., in "Directed Ortho Metalation of N,N-Diethyl- 
benzamides. Silicon Protection of Ortho Sites and the o-Methyl Group, 0 J. of Organic Chemistry 54: 4372- 
4385,1989. 



Ex. No. 


Compound 


1 


N,N-Diethyl-3-fluoro-6-methyl-2-(trimethylsilyl)benzamide 


2 


N,N-Diethyl-2-(trimethylsilyl)benzamide 


3 


N,N-Diethyl-2-methyl-6-(trimethylsilyl)benzamide 


4 


N,N-Diethyl-3-fluoro-2-(trimethylsilyl)benzamide 



Example 5 

N-(1,1-Dimethylethyl)-3-fluoro-N-methyl-2-(trimethylsilyl) benzamide. 

3-Fluorob nzoyl chlorid was react d with N-m thyl-N-ferf-butylamine using Gen ral Method E1 or E2 
to produce N-methyl-N-(terf-butyl)-3-fluorob nzamide. This compound was used in General M thod A to pre- 
pare th title compound. Kugelrohr distillation afforded 12.07 g of analytically pure desir d material, m.p. 32- 
35°C. 
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Exampl 6 

2-(1,1-Dim thyiethyt)-N,N-diethyl-6-m thylb nzamid . 

5 A 1.7M solution of t-BuLi in pentane (161 mL, 274 mmol) was added dropwise to a solution of 2-(2-fluoro- 

phenyl)-4,4-dimethyl-2-oxazoline [cf. Meyers A. I. and Williams B. E., Tetrahedron Letters, 223-226(1978)] 
(48.0 g., 249 mmol) in THF (320 mL), maintaining the reaction temperature between -45 and -40 °C with a 
dry-ice/acetone acetone cooling bath. The resulting reaction mixture was maintained at ^-40°C with a dry- 
ice/acetonitrile /acetonitrile bath, and monitored to completion by GLC over 20 min. This mixture was poured 

10 onto ice and extracted three times with ether. These extracts were combined, dried (MgS0 4 ), concentrated 
and distilled under vacuum to afford 56.87 g of 2-(2-ferf-butyJphenyl)-4,4-dimethyl-2-oxazoline I a 93% yield. 

A 2M solution of trif luoromethanesulfonic anhydride (1 eq) in CH 2 CI 2 was added dropwise to an ice water- 
cooled 0.67M solution of 2-(2-ferf-butylphenyl)-4,4-dimethyl-2-oxazoline (1 eq) in CH 2 CI 2 . The resulting solu- 
tion was stirred at 0 °C for 10 min, then poured into an equal volume of ice water and vigorously stirred for 15 

15 min. The CH 2 CI 2 layer was washed twice with 10% HQ, dried (MgS0 4 ), and concentrated to afford 15.59 g of 
N-[2-(2-fe/t-butylphenylcarboxy)-1 ,1-dimethylethyl]-trifluoromethanesulfonamide as a white solid without any 
further purification, a 95% yield, m.p. 69-71 °C. 

A freshly prepared solution of diazomethane in anhydrous ether was added in excess to a solution of N- 
[2-(2-fert-butylphenylcarboxy)-1 ,1-dimethylethyl]-trifluoromethanesulfonamide (13.1 g) in ether. The resulting 

20 yellow solution was allowed to stand at RT overnight, then was washed with 10% HCI followed by 2.5N aq 
NaOH. The organic solution was dried (MgS0 4 ), and concentrated to afford 13.0 g of pure N-methyl-N-[2-(2- 
tert-butylphenylcarboxyj-l.l-dimethylethylj-trifluoromethanesulfonamide as a white solid, a 96% yield, m.p. 
42-44 °C. 

N-methyl-N-[2-(2-tert-butylphenylcarboxy)-1,1-dimethylethyl] trifluoromethanesulfonamide (1 eq) was 
25 saponified in a 2.0M solution of KOH (3 eq) in DMSO at 1 1 0 °C for 4 h. The resulting solution was cooled, diluted 
with water, and extracted twice with ether. These ether extracts were discarded. The aqueous phase was then 
acidified to pH 1 with cone HCI and extracted twice with ether. These latter ether extracts were dried (MgS0 4 ), 
and concentrated to afford 4.47 g of 2-tert-butyl benzoic acid as pure white solid without any further purification, 
a 96% yield, m.p. 58-60 °C. 

30 Asolution of 2-terf-butylbenzoic acid (4.0 g, 22.5 mmol) in thionyl chloride (8.2 mL, 112 mmol) was stirred 

at RTfor 2 h, then was concentrated three times from carbon tetrachloride to remove all traces of excess thionyl 
chloride. A solution of diethyl amine (4.93 g, 67.4 mmol) in CH 2 CI 2 (10 mL) was added dropwise over 10 min 
to an ice water-cooled solution of the crude acid chloride in CH 2 CI 2 (35 mL). Ten min after addition was com- 
plete, the reaction was partitioned between ether and 10% HCI. The ether phase was then washed with sat 

35 aq NaHC0 3 , then was dried (MgS0 4 ), and concentrated to afford a quantitative yield of N,N-diethyl-2-fert-bu- 
tyl-benzamide as an off-white solid, m.p. 38.5-40.5 °C. 

N,N-diethyl-2-ferf-butylbenzamide (1.00 g, 4.3 mmol) was used in General Method A to afford 1.05 g of 
the title compound as a yellow oil, a 99% yield. 

40 Example 7 

2-Chloro-N,N-diethyl-6-(trimethytstannyi)benzamide. 

1.3M s-BuLi in eyefohexane (4.8 mL, 6.2 mmol) was added dropwise to a -78 °C cooled solution of the 
45 compound of Example e (1 .0 g, 4.7 mmol) and TM EDA (930 uL, 6.2 mmol) in THF (1 5 mL). The resulting yellow 
mixture was stirred at -78 °C for 45 min, then was quenched by the dropwise addition of trimethyltin chloride 
(1.41 g, 7.1 mmol) in THF (5 mL), maintaining the internal reaction temperature ^-65 °C. The resulting green 
solution was warmed to RT to afford a yellow solution which was diluted with ether and extracted twice with 
aq 1 0% HQ, and once with sat aq NaHCQ 3 . The ether solution was dried (MgS0 4 ), concentrated, and purified 
so by HPLC with 1 :4 ethyl acetate/ hexanes to afford 1.37 g of the title compound, an 81% yield, as a colorless 
oil. 

Example 8 

55 2-(1,1-Dimethylethyl)-N- thyl-6-methylbenzamide. 

A solution of 2-terf-butyl-6-m thylanilin (1 eq) and 97% formic acid (4 q) was reflux d for 16 h, th n 
was concentrated under vacuum and r crystallized from m thanol/wat r to afford 2-f rt-butyl-6- 
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methylformanilid . 

Phosphorus oxychlorid (0.67 eq) was added to an ice wat r-cool d, stirred slurry of this compound (1 
eq) in a mixture of pyridin (11 q = 1 volume) and p ntane (0.5 volum ). Th resulting mixtur was bri fly 
warmed to about 40 °C for 10 min, then the mixture was cooled. Ice wat r (0.5 volume) was car fully add d 

5 and the two layers were separated. The aq layer was extracted with pentane (0.25 volume), then the combined 
organic solutions were washed three times with water (0.5 volume), dried (MgS0 4 ), and concentrated to afford 
2-terf-butyl-6-methylphenyl isocyanide. 

This compound was heated at 250 - 253 °C for 6 h to complete the rearrangement as evidence by infrared 
analysis. Recrystallization from hexanes afforded pure 2-ferf-butyl-&-methyibenzonitrile. m.p. 60-62 °C. 

10 Asolution of this compound (500 mg, 2.9 mmol) and 1.0M triethyioxonium tetraf luoroborate in CH 2 CI 2 (5.8 
ml_, 5.8 mmol) was stirred at RT for several days under an atmosphere of nitrogen. The reaction was diluted 
with CH 2 CI 2 and extracted with sat aq NaHC0 3 , then was dried (MgS0 4 ), concentrated, and purified by HPLC 
with 1:4 ethyl acetate/hexanes to afford 430 mg of title compound as a white solid, a 68% yield, m.p. 110.5- 
111.5 °C. 

15 

Example 9 

2- [(1,1-Dimethylethyl)dimethylsilyl]-N,N-diethyl-3-fluorobenzamide. 

20 1 .3M s-BuLi in cyclohexane (7.7 mL, 0.01 mol) was added dropwise to THF (30 mL) and TMEDA (1 .28 g, 

0.011 mol) cooled to -78 °C under nitrogen with stirring. To this mixture was added 0.0097 mol of N,N-diethyl- 

3- fluorobenzamide (prepared from 3-fluorobenzoic acid and diethylamine according to the procedures of the 
examples of b and f) dissolved in a minimum amount of THF dropwise. The mixture was stirred for 10 min and 
injected with t-butyldimethylsilyl chloride (3.01 g, 0.02 mol). The reaction mixture was stirred and warmed to 

25 RT overnight. 25% citric acid (15 mL) was added and the mixture was extracted three times with ether. The 
ether extracts were combined and washed twice with water, dried (MgS0 4 ), concentrated, and purified by RC 
eluting with 7:15 ethyl acetate/hexanes. The title compound was recovered as a tan solid in 81% yield, m.p. 
50-51 °C. 

30 Example 10 

2-[(1 , 1 - Dimet hylet hyl)dimet hylsilyl]-N, N-d iet hyl-3-f luoro-6-met hylbenzamide. 

1 .3M s-BuLi in cyclohexane (1 .8 mL, 2.3 mmol) was added dropwise with stirring to THF (20 mL) and TME- 
35 DA (0.32 g, 2.76 mmol), cooled to -78 °C under nitrogen. To this mixture was added dropwise the compound 
of Example 9 (0.6 g, 2 mmol), dissolved in a minimum amount of THF. After stirring for 10 min, Mel (0.98 g, 
6.9 mmol) was injected. The mixture was stirred for 1 h; 15 mL of 25% citric acid was added and the mixture 
extracted with ether 3 times. The ether extracts were combined and washed twice with water, dried (MgS0 4 ), 
and concentrated. The crude product was purified by RC, eluting with 3:7 ethyl acetate/hexanes. The title com- 
40 pound was obtained as a light yellow oil in a 31% yield. 

Example 11 

N-(1,1-Dimethylethyl)-3-fluoro-N,6-dimethyl-2-(trimethylsilyl) benzamide. 

45 

1.3M s-BuLi in cyclohexane (31.4 mL, 41 mmol) was added dropwise to THF (100 mL) and TMEDA (5.35 
g, 46 mmol), cooled to -1 00 °C under nitrogen with stirring. To this mixture was added dropwise the compound 
of Example 5 (10.45 g, 37 mmol), dissolved in a minimum amount of THF. After stirring for 10 min, Mel (15.8 
g, 0.1114 mol) was injected. The mixture was stirred for 1 h and 25% citric acid (15 mL) was added. The mixture 
so was extracted three times with ether; the ether extracts were combined and washed twice with water, dried 
(MgS0 4 ), and concentrated. The crude product was purified by RC, with 1:9 ethyl acetate/hexanes. The title 
compound was recovered as a light yellow solid, in 99% yield, m.p. 44-47 °C. 

Example 12 

55 

N-Ethyl-3-fluoro-2-(trim thylsilyl)benzamid . 

N-ethyl-3-fluorobenzamide (4.18 g, 0.025 mol) (prepar d from 3-fluorobenzoic acid using the procedures 
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of Exampl s b, and f), dissolved in a minimum amount of THF, was us d in Gen ral Method C and purified by 
HPLC, eluting with 3:7 ethyl acetate/hexanes. The title compound was recov red as a whit solid in 53% yield, 
m.p. 80-82 °C. 

5 Example 13 

N,N-Dipropyl-2-(m'methylsilyl)benzamide. 

N,N-(dipropyl)benzamide (4.0 g, 0.0195 mol) (prepared from benzoyl chloride and dipropyl amine using 
10 General Method E1 or E2) was used in General Method A to produce the desired compound which was purified 
by HPLC, eluting with 1 :9 ethyl acetate/hexanes and recovered as a light yellow oil in 65% yield. n D 26 = 1 .5094. 

Example 14 

15 2-Methyi-N ? N-dipropyl-6-(trimethylsilyl)benzamide. 

The compound of Example 13 was reacted with Mel using General Method Ato prepare the title compound. 
Example 15 

20 

3-Chloro-N,N-diethyl-2-(trimethylsilyl)benzamide. 

N,N-diethyl-3-chlorobenzamide (10.45 g, 50 mmol) (prepared from 3-chlorobenzoic acid and diethylamine 
using the procedures described above) was reacted with TMSCI (16.30 g, 150 mmol) using General Method 
25 A to afford 13.4 g of the title compound as an orange oil in 95% yield. 

Examples 16-36 

The following compounds were made by reaction of the compound of Example b with the appropriate amine 
30 using the procedures of General Method E1 or E2, or similar procedures. The melting points of those which 
are solids at ambient temperatures are reported as °C. 



35 



40 



45 



50 



55 
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Example 

No. Compound Name 

16 2-Chloro-N-phenyl-6- (trimethylsilyl) - 
benzamide 

17 2-Chloro-N-octyl-6- (trimethylsilyl) - 
benzamide 

18 2-Chloro-N-ethyl-N- (1 -methyl ethyl) -6- 
(trimethylsilyl) benzamide 

19 2-Chloro-N-methyl-6- (trimethylsilyl) - 
benzamide 

20 N-Butyl-2-chloro-6- (trimethylsilyl) - 
benzamide 

21 2-Chloro-N-(l-methylethyl)-6- 
( trimethylsilyl) benzamide 

22 2-Chloro-N-ethyl-N-methyl-6- 
(trimethylsilyl) benzamide 

23 2-Chloro-N-(l,l-dimethylethyl)- 
-N-methyl-6- (trimethylsilyl) benzamide 

24 2-Chloro-N-ethyl-N-phenyl-6- 
(trimethylsilyl) benzamide 



14 



EP 0 538 231 A1 



25 2-Chloro-N- (2 , 2 , 2-trif luoro- 105-107 
ethyl) -6- (trimethylsilyl) - 

benzamide 

26 2-Chloro-N-propyl-6- 108-109 
(trimethylsilyl) benzamide 

27 2 -Ch lor o-N- ( 2 -hy dr oxy ethy 1 ) -6 - 138-140 
(trimethylsilyl) benzamide 

28 2-Chloro-N-(l-methylpropyl) -6- 144-145 
(trimethylsilyl) benzamide 

29 2-Chloro-N- ( 2-chloroethyl) -6- 111 . 5-113 
(trimethylsilyl) benzamide 

30 2-Chloro-N- ( 3 -chloropropyl) -6- 128-131 
(trimethylsilyl) benzamide 

31 2-Chloro-N- (phenylmethyl) -6- 112-114 
(trimethylsilyl) benzamide 

32 2-Chloro-N- ( 2-f ury Imethyl ) -6- 113-115 
(trimethylsilyl) benzamide 

33 2-Chloro-N- ( 2-methylphenyl) -6- 116 . 5-118 
( t r imethy 1 s i ly 1 ) ben z amide 

34 2-Chloro-N-cyclopropyl-6- 101-104 
(trimethylsilyl) benzamide 

35 2-Chloro-N-ethyl-N- (phenylmethyl) - 
6- (trimethylsilyl) benzamide 

36 2-Chloro-N,N-dipropyl-6- 
(trimethylsilyl) benzamide 

Examples 37-39 

The following compounds were prepared using General Method A or B. The starting materials are N,N- 
diethyl-3-fluorobenzamide, which is prepared from 3-fluorobenzoic acid as generally described above, and an 
appropriate electrophile. 

Example 

No* Compound Name M.P» 

37 6-Bromo-N,N-diethyl-3-f luoro- 53 . 0- 
2- (trimethylsilyl) benzamide 54 . 0 

38 6-Chloro-N, N-diethyl-3-f luoro-2- 
(trimethylsilyl) benzamide 



39 2-Chloro-N, N-diethyl-6- 

(trimethylsilyl) benzamide 
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Exampl 40 

N,N-Diethyl-3-fluoro-6-iodo-2-(trim thylsilyl)b nzamid . 

5 4.99 g of the compound of Example 4 and 20.3 g iodine were combined according to General Method B. 

The resulting reaction mixture was poured into ice water. CH 2 CI 2 was added, and the mixture was extracted 
twice with aq sodium thiosulfate to remove excess iodine. Then the organic solution was extracted twice with 
brine, dried (MgS0 4 ), and concentrated to afford 5.6 g of the title compound as a yellow solid, a 77% yield. 
m.p. 58.5-64 °C. 

10 

Example 41 

N,N-Diethy|.3-fluoro-6-fbrmyl-2-(trimethylsilyl)-benzamide. 

15 5.34 g of the compound of Example 4 and 1.7 mL DMF were combined according to General Method B. 
The resulting reaction mixture was poured into ice water. CH 2 CI 2 was added, and the mixture was extracted 
with aq NaHC0 3 , followed by brine, then was dried (MgS0 4 ), concentrated, and purified by HPLC with 1 :3 ethyl 
acetate/hexanes to afford 3.5 g of the title compound as a clear oil, a yield of 60%. 

20 Example 42 

2-[(Diet hylamino)carbonylH-^uoro-3-(trimethylsilyl)-benzoic acid, methyl ester. 

20.06 g of the compound of Example 4 and excess CO z gas were combined according to General Method 
25 A The resulting reaction was poured into water and acidified with 2N HCI. The solid which formed was collected 
by filtration and dried to yield the corresponding acid. 

A couple of drops of DMF were added to a mixture of this acid (9.34 g, 30.0 mmol) and thionyl chloride 
(11.89 g, 100 mmol) in toluene (100 mL). The reaction was complete after 1 h at 70-74 °C. The mixture was 
concentrated under vacuum to remove the excess thionyl chloride. The resulting crude acid chloride (0.98 g, 
30 3.0 mmol) was dissolved in methanol (25 mL), and triethyiamine (2 eq) was added dropwise. After addition, 
the reaction was diluted with ethyl acetate and extracted with dilute aq HCI, then with sat aq NaHC0 3 . The 
organic solution was dried (MgS0 4 ) and concentrated to afford 0.54 g of the title compound as a solid, a 55% 
yield, m.p. 46 °C. 

35 Example 43 

2-[(Diethylamino)carbonyl r -4-^uoro-3-(trimethylsilyl)-benzoic acid, 1-methylethyl ester. 

The acid chloride (0.98 g, 3.0 mmol) prepared as in Example 42 was dissolved in isopropyl alcohol (25 
40 mL), and triethyiamine (1 mL, 7.0 mmol) was added dropwise. After stirring overnight at ambient temperature, 
the mixture was diluted with ethyl acetate and extracted with dilute aq HCI, then with sat aq NaHC0 3 . The 
organic solution was dried (MgS0 4 ), concentrated, and purified by RC with 7:3 hexanes/ethyl acetate to afford 
the title compound as a colorless oil. 

45 Example 44 

N,N,2-Triethyl-6-(trimethylsilyl)benzamide. 

The compound of Example 2 (2.49 g, 10mmol)and ethyl iodide (4.68g, 30 mmol) were combined according 
so to General Method B. The resulting reaction mixture was poured into ice water. Ether was added, and the mix- 
ture was extracted with aq NaHC0 3 followed by brine, then was dried (MgS04) and concentrated to afford 
2.83 g of the title compound as a colorless oil, a 100% yield. 

Exampl 45 

55 

2-Chloro-N- thyl-6-(trimethylsilyl)benzamide. 

The compound of Example f (2.2 g, 0.012 mol) was reacted with TMSCI (3.91 g, 0.036 mol) using Gen ral 
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Method A. The titl compound was recrystalliz d from ether/hexanes as a solid, m.p. 105-107 °C. 
Exampl 46 

5 2-Chloro-N-ethyl-N-(methoxymethyl)-6-(trimethylsilyl)-benzamide. 

A 2M THF solution of tert-butylmagnesium chloride (2.5 mL, 5 mmol) was added to an ice water cooled 
solution of the compound of Example 45 (1.28 g, 5 mmol) in THF (25 mL). Chloromethyl methyl ether (0.44 
g, 5.5 mmol) was then added and the reaction mixture was stirred at ambient temperature for 1 h and then 
10 partitioned between water and ethyl acetate. The organic solution was dried (MgS0 4 ) ? concentrated, and puri- 
fied by RC with 1 :9 ethyl acetate/hexanes to afford 0.80 g of the title compound as a colorless oil, a 53% yield. 

Example 47 

15 N-Acetyl-2-chloro-N-ethyl-6-(trimethylsilyl)benzamide. 

1M sodium bis(trimethylsilyl)amide in THF (5.5 mL, 5.5 mmol) was added dropwise over several min to a 
solution of the compound of Example 45 (1.28 g, 5 mmol) in THF (30 mL). The resulting mixture was cooled 
with a water bath while a solution of acetyl chloride (0.432 g, 5.5 mmol) in THF (10 mL) was added, maintaining 
20 the internal reaction temperature ~25°C. After 1 h, the resulting reaction mixture was partitioned between sat 
aq NaHC0 3 and ether. The ether phase was dried (MgS0 4 ), concentrated, and purified by RC with 1:4 ethyl 
acetate/hexanes to afford 0.25 g of the title compound as a pale yellow oil, a 17% yield. 

Example 48 

25 

N-Ethyl-2-methyl-6-(trimethyisllyl)benzamide. 

1.3M s-BuLi in cyclohexane (25.4 mL, 0.033 mol) was added dropwise to THF (50 mL), TMEDA (3,83 g, 
0.033 mol), and the compound of Example c (4.10 g, 0.015 mol), cooled to -78° under nitrogen with stirring. 

30 After stirring for 20 min, Mel (2.45 g, 0.01725 mol) was added all at once. The mixture was stirred for 1 h, and 
25% citric acid (50 mL) was added. The mixture was extracted three times with CH 2 CI 2 . The combined extracts 
were washed twice with water, dried (MgS0 4 ), and concentrated. To the resulting mixture were added 30 mL 
thionyl chloride and 5 drops of DMF. After stirring at RT overnight, the mixture was concentrated to dryness; 
50 mL toluene were added; and again the mixture was concentrated. This process was repeated 3 times. The 

35 crude product, a brown oil, was dissolved in 30 mL toluene and added to a 1 00 mL solution of 70% ethyl amine 
in water which had been cooled to 5° in an ice bath. After stirring overnight, the mixture was washed with 1 0% 
HCI and three times with water, dried (MgS0 4 ), concentrated, and purified by HPLC eluting with 1 :3 ethyl acet- 
ate/hexanes. Two fractions were obtained. When each was concentrated, Compound 48 crystallized as a white 
solid in a 20% yield, m.p. 115-117 °C. Compound 49 crystallized as a white solid in a 42% yield, m.p. 64-66 

40 °C. 

Example 49 

N-Ethyl-2-(trimethylsilyl)benzamide. 

45 

N-Ethylbenzamide (74.5 g, 500 mmol) and TMSC1 (135.8 g, 1.25 mol) were combined according to General 
Method C and purified by HPLC with 1:4 ethyl acetate/hexanes to afford 75.59 g of the title compound, as a 
white solid, a 68% yield, m.p. 64.0-66.0 °C. 

so Example 50 

N-Ethyl-N-(methoxymethyl)-2-(trimethylsilyl)benzamide. 

A 1M THF solution of sodium bis(trimethylsilyl)-amid (52.5 mL, 52.5 mmol) was add d dropwis over 5 
55 min to a solution of the compound of Example 49 (11 .07 g, 50 mmol) in THF (1 00 mL). The r suiting mixture 
was cool d with a dry ice/aceton bath whil n at chloromethyl methyl ether (4.83 g, 60 mmol) was added, 
maintaining the internal reaction temperature < -70 °C. The cold bath was removed and th r suiting reaction 
mixture was allowed to warm for 1 h, then was partition db tweensataqNaHC0 3 andeth r.The th rphas 
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was dri d (MgS0 4 ), concentrat d, and purified by HPLC with 3:17 ethyl ac tate/hexan s to afford 6.55 g f 
the titt compound as a colorless oil, a 49% yi Id. 

Exampl 51 

5 

N,N-Diethyl-2-methyl-6-(trimethylsilyl)thiobenzamide. 

A mixture of the compound of Example 3 (2.0 g, 7.6 mmol) and Lawesson's reagent (2.3 g, 5.7 mmol) in 
xylenes (50 mL) was ref luxed for 1 6 h, then was cooled, and filtered. The filtrate was partitioned between ether 
10 and water. The organic layer was washed with 1 0% HCI and brine, dried (MgS0 4 ), and concentrated. The crude 
product was purified by RC using with 1:9 ethyl acetate/hexanes to afford 1.4 g of the title compound as a 
yellow oil, which crystallized upon standing, a 66% yield, m.p. 82-83 °C. 

Example 52 

15 

N,N-Diethyl-6-(difluoromethyl)-3-fluoro-2-(trimethylsilyl) benzamide. 

To a solution of DAST (55 mg, 0.34 mmol) in 1 mL CH 2 CI 2 at 0 °C was added the compound of Example 
41 (100 mg, 0.34 mmol). The solution was ref luxed for 16 h and a second molar equivalent of DAST was added. 
20 This procedure was continued until the reaction was complete by GC analysis. The mixture was poured onto 
10 g of ice and the aq solution was extracted with CH 2 CI 2 . The extracts were combined, washed with brine, 
dried (MgS0 4 ), and concentrated. The product was purified by RC using with 1 :9 ethyl acetate/hexanes to give 
800 mg of the title compound as a yellow solid, a 92% yield, m.p. 65-67 °C. 

25 Example 53 

N,N-Diethyl-3-fluoro-6-methyl-2-(trimethyIsilyl)-thiobenzamide. 

The title compound was prepared from the compound of Example 1 and Lawesson's reagent according 
30 to the procedure for Example 51 . The crude product was flash chromatographed on a 6" silica gel column with 
1:19 ethyl acetate/hexanes and then recrystallized from hexanes to give 820 mg of the title compound as a 
white solid, a 78% yield, m.p. 68-69 °C. 

Example 54 

35 

N,N-Diethyl-3-fluoro-6-(hydroxymethyl)-2-(trimethylsilyl) benzamide. 

The compound of Example 41 (1.2 g, 4.1 mmol) and sodium borohydride (200 mg, 5.3 mmol) in ethanol 
(20 mL) were stirred at ambient temperature for 2 h. The solution was concentrated and partitioned between 
40 ether and 10% citric acid. The ether layer was washed with water and then brine, dried (MgS0 4 ), concentrated, 
and recrystallized from cold hexanes to afford 1.0 g of the title compound, an 82% yield, m.p. 107-108 °C. 

Example 55 

45 N,N-Diethyl-3-fluoro-6-(fluoromethyl)-2-(trimethylsilyl) benzamide. 

A solution of DAST (400 mg, 2.5 mmol) and the compound of Example 54 (660 mg, 2.2 mmol) in CH 2 CI 2 
(30 mL) was stirred for 2 h at 25 °C. The solution was poured into ice water (50 mL) and extracted with CH 2 CI 2 . 
The organic extracts were combined, washed with brine, dried (MgS0 4 ), concentrated, and purified by RC with 
so 1 :9 ethyl acetate/hexanes to give 550 mg of the title compound as a yellow oil, an 83% yield. 

Example 56 

N,N-Diethyl-3,6-difluoro-2-(trimethylsilyl)benzamide. 

55 

Di thyl amine (1 5.4 g, 210 mmol) and 2,5-difluorob nzoyl chlorid (17.6 g, 100 mmol) were react d using 
General Method E1 to afford 20.0 g of N,N-diethyl-2,5-dif luorobenzamid as a clear oil, a 94% yield. 

Th title compound was pr pared from this compound and 2.0 q TMSCI according to G neral M thod 
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A. The crud product was purified by HPLC with 1 :9 ethyl acetate/hexan s to giv 4.8 g of th d sired product 
asaci ar oil, an 84% yield. 

Exampl 57 

5 

N,N-Diethyl-3-fluoro-4-rnethyl-2-(trlrnethylsilyl)-benzamide. 

1 .3M s-BuLi (9.2 mL, 12 mmol) was added dropwise to a -78 °C cooled solution of the compound of Ex- 
ample 4 (3.48 g, 10 mmol) and TMEDA (1.8 mL, 12 mmol) in THF. The reaction mixture was warmed to -60 
w °C, stirred for 3 h, cooled to -78 °C, and Mel (5.0 g, 36 mmol) was added. After an initial exotherm to -58 °C, 
the reaction mixture was allowed to warm to 0 °C and worked up in the usual manner. The crude product was 
purified by HPLC with 1:4 ethyl acetate/hexanes to give 300 mg of the title compound as a clear oil, a 71% 
yield. 

15 Example 58 

N,N-Diethyl-4-methyl-2-(trimethylsilyl)benramide. 

N,N-Diethyl-4-methylbenzamide was prepared from 4-methylbenzoyl chloride and diethylamine according 
20 to General Method E1. The crude product was recrystallized from cold hexanes to give 30.4 g of the desired 
compound as a white solid, a 98% yield, m.p. 54 °C. 

The title compound was prepared from this compound and 3.0 eq TMSCI according to General Method 
A The crude product was purified by HPLC with 3:1 7 ethyl acetate/hexanes to give 7.0 g of the title compound 
as a clear oil, an 89% yield. 

25 

Example 59 

N,N-Diethyl-2-chloro-4-methyl-6-(trimethylsilyl)-benzamide. 

30 The title compound was prepared from the compound of Example 58 and 1.2 eq hexachloroethane ac- 
cording to General Method A Purification by HPLC with 1:9 ethyl acetate/hexanes afforded 1.6 g of the title 
compound as a clear oil, a 54% yield. 

Example 60 

35 

N,N-Diethyl-2,4-dimethyi-6-(trimethylsilyl)benzamide. 

The title compound was prepared from the compound of Example 58 and Mel (4.0 eq) according to General 
Method A. Purification by HPLC with 3:17 ethyl acetate/hexanes gave 1.4 g of the title compound as a clear 
40 oil, an 83% yield. 

Example 61 

N,N-Diethyl-2-(trimethylsilyl)-6-(trifluoromethyl)-benzamide. 

45 

N,N-Diethyl-2-(trffluoromethyl)benzamide was prepared from 2-trifluoromethylbenzoyl chloride and die- 
thylamine according to General Method El No purification was needed to obtain 17.2 g of this compound, a 
97% yield. 

The title compound was prepared from this compound and 3.0 eq TMSCI according to General Method 
so A The crude material was purified by HPLC with 3:1 7 ethyl acetate/hexanes to afford 2.7 g of the title com- 
pound as a clear oil, an 85% yield. 

Example 62 

55 N,N-Diethyl-2-(trim thylsilyl)-3,6-bis (trifluoromethyl)benzamid . 

N,N-Diethyl-2,5-bis(trifluoromethyl)b nzamide was prepared from 2,5-bis(trifluoromethyl)benzoyl chlor- 
id anddi thylamine according to G n ral Method El Th desired int rm diat was isolated in quantitative 



EP 0 538 231 A1 



yield (11.3 g) without additional purification. 

The titl compound was prepared from this compound and 3.7 eq TMSCI according to G n ral Method 
A. Purification by HPLC with 1:19 thyl acetate/hexanes, follow d by kug Irohr distillation (90 °@ B 0.1 mm 
Hg) afforded 2.0 g of the title compound as a white solid, a 52% yield. m.p. 55-56 °C. 

5 

Examples 63 and 64 

Compound 63: N,N-Diethyl-5-methyl-2-(trimethylsilyl)-benzamide. 

10 Compound 64: N,N-diethyl-3-methyl-2-(trimethylsilyl)-benzamide. 

These compounds were prepared from N,N-diethyl-3-methylbenzamide and 2.0 eq TMSCI according to 
General Method A. Purification by HPLC using 1:9 ethyl acetate/hexanes gave two products. Compound 63 
was isolated as 6.0 g of a clear oil, a 46% yield. Compound 64 was isolated as 2.3 g of a clear oil, a 1 7% yield. 

15 

Example 65 

N,N-Diethyl-2-chloro-a-methyl-6-(trimethylsilyl)-benzamide. 

20 The title compound was prepared according to General Method Afrom the compound of Example 63 and 

1.3 eq hexachloroethane. Purification by RC using 1:4 ethyl acetate/hexanes gave 500 mg of the title com- 
pound as a yellow solid, a 44% yield, m.p. 42-44 °C. 

Example 66 

25 

N,N-Diethyl-2-chloro-6-(triethylsilyl)benzamide. 

The title compound was prepared according to General Method Afrom the compound of Example e and 

1.4 eq chlorotriethylsilane. Purification by HPLC with 1:19 ethyl acetate/hexanes gave 6.0 g of the desired 
30 product as a clear oil, a 92% yield. 

Example 67 

N,N-Diethyl-2-chloro-6-(dimethylphenyisilyl)benzamide. 

35 

The title compound was prepared from the compound of Example e and 1 .1 eq dimethylphenylsilyi chloride 
according to General Method A. Purification by HPLC with 1:9 ethyl acetate/hexanes gave 6.3 g of the desired 
product as a clear oil, a 91 % yield. 

40 Example 68 

N,N-Diethyl-2-chloro-6-[tris(1-methylethyl)silyi]-benzamide. 

The title compound was prepared according to General Method Afrom the compound of Example e and 
45 1 . 1 eq triisopropylsilyl chloride. Purification by HPLC using 1 : 1 9 ethyl acetate/hexanes gave 5.5 g of the desired 
product as of a clear oil, a 75% yield. 

Example 69 

so N,N-Diethyl-2-chloro-6-[(chloromethyl)dimethylsilyl]-benzamide. 

The title compound was prepared according to General Method Afrom the compound of Example e and 

1.5 eq (chloromethyl)dimethylsilyl chloride. Purification by HPLC using 1:9 ethyl acetate/hexanes gave 5.4 g 
of the desired compound as a yellow oil, an 85% yield. 

55 
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Exampl 70 

N-Ethyl-2-(trim thylsllyl)-3-thiophenecarboxamid . 

5 A mixture of thiophene-3-carboxylic acid (20.0 g, 1 78 mmol), thionyl chloride (30 mL, 411 mmol), and cat- 

alytic DMF (5 drops) was stirred at RT overnight. This solution was concentrated under vacuum, and stripped 
several times from toluene to remove all traces of excess thionyl chloride. Ethyl amine hydrochloride (29.03 
g, 356 mmol) was then added to a solution of this crude acid chloride dissolved in CH 2 CI 2 (50 mL). Pyridine 
( 31.64 g, 400 mmol) was added, and after 1 h of stirring the reaction was washed with 10% HCI followed with 

10 water, dried (MgS0 4 ), concentrated, and recrystallized from EtOAc/hexanes to give 14.9 g of N-ethyl-3-thio- 
phenecarboxamide as a tan solid, a 76% yield, m. p. 115-117 °C. 

1 .3M s-BuLi in cyclohexane (37.23 mL, 48.4 mmol) was added dropwise to a dry-ice/acetone cooled sol- 
ution of N-ethyl-3-thiophenecarboxamide (3.41 g, 22 mmol) and TMEDA (5.62 g, 48.4 mmol) in THF (100 mL). 
After stirring for 30 min at -78°C, TMSCI (5.26 g, 48.4 mmol) was added in a single portion. The reaction was 

is allowed to slowly warm to -10 °C over 1 h, then was quenched with dilute aq citric acid and extracted with 
ethyl acetate (3X). The combined organic solutions were dried (MgS0 4 ), concentrated, and purified by HPLC 
with 3:7 EtOAc/hexanes to give 1.4 g of the title compound as a white solid, a 28% yield, m.p. -114-116 °C. 

Example 71 

20 

N,N-Diethyl-6-chloro-3-methyl-2-(trimethylsilyl)-benzamide. 

The title compound was prepared according to General Method Afrom the compound of Example 64 and 
1.1 eq hexachloroethane. Purification by HPLC 1:9 ethyl acetate/hexanes gave 1.5 g of an oil which crystallized 
25 upon standing, an 83% yield, m.p. 36-37 °C. 

Example 72 

S-Chloro-N-ethyl-^-methyl-tl.l'-biphenyl^-carboxamide. 

30 

The title compound was prepared according to General Method D except that 1 -butanol instead of CH 2 CI 2 
was used to extract the boron intermediate. The crude intermediate was further reacted with 2-bromotoiuene 
as described in General Method D to give the title compound as a white solid (recrystallized from toluene) in 
55% overall yield, m.p. 131-134 °C. 

35 

Example 73 

2-Chloro-N-ethyl-6-(1-naphthalenyl)benzamide. 

40 The title compound was prepared from the compound of Example f and 1-bromonaphthalene (0.76 g, 3.65 
mmol) according to General Method D. It was obtained as 0.28 g of a white solid, a 28 % yield, m.p. 181-182 
°C. 

Example 74 

45 

N,N-Diethyl-3-fluoro-2-(trimethylsilyl)thiobenzamide. 

A mixture of N,N-diethyl-3-f luorobenzamide (4.69 g, 24 mmol) (cf Mills, et al., "Directed Ortho Metalation 
of N,N-Diethylbenzamides. Silicon Protection of Ortho Sites and the o-Methyl Group," J. of Organic Chemistry 
so 54: 4372-4385, 1989), Lawesson's reagent (6.47 g, 16 mmol) and xylenes (150 mL) was refluxed overnight, 
then was concentrated and kugelrohr distilled (105-110 °C at 0.25 torr) to yield 4.8 g N,N-diethyl-3-(fluoro) 
thiobenzamide as a yellow oil, a 95% yield. 

This compound and 1.8 eq TMSCI were combined according to General Method A and purified by HPLC 
with 1:9 ethyl acetate/hexan s to giv 3.7 g of the title compound as a y How solid, a 77% yield, m.p. 71-73 
55 °C. 
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Example 75 

N t N-Diethyl-3-fluoro-4-methyl-2-(trimethylsilyl)-thiob nzamide. 

5 The title compound was prepared from the compound of Example 74 and 3.0 eq Mel according to General 

Method A and re crystal I ized from cold hexanes/ethyl acetate to give 2.5 g of the title compound, an 82% yield, 
m.p. 96-97 °C. 

Example 76 

10 

2-Chloro-N-ethyl-6-(trimethylsilyl)thiobenzamide. 

The title compound was prepared from the compound of Example 45 using the procedure of Example 51. 
m.p. 158.0-159.0 °C. 

15 

Example 77 

2-Chloro-6-(trimethylsilyl)benzenecarbothioic acid, S-ethyl ester. 

20 The compound of Example b (1 .48 g, 0.006 mol), CH 2 CI 2 (50 ml_), ethanethlol (0.44 g, 0.007 mol), and 4- 
(N,N-dimethylamino)pyridine (0.86 g, 0.007 mol) were allowed to stir at RT overnight. The mixture was washed 
with 10% HCI and three times with water, dried (MgS0 4 ), and concentrated. The crude product was purified 
by RC, eluting with 1:3 ethyl acetate/hexanes. The title compound was obtained as a clear oil in 61% yield. 

25 Examples 78-81 



The following compounds were prepared as in Example 77 using the appropriate thiol ester in the yields shown. 



Ex. No. 


Compound Name 


Yield 


78 


2-Chloro-6-(trimethylsilyl)-benzenecarbothioic acid, S-(l-methylethyl) ester 


35% 


79 


2-Chloro-6-(trimethylsily)-benzenecarbothioic acid, S-propyi ester 


80% 


80 


2-Chloro-6-(trimethylsiiy)-benzenecarbothioic acid, S-(1 -methyl propyl) ester 


47% 


81 


2-Chloro-6-(trimethylsily)-benzenecarbothioic acid, S-(2-methyl propyl) ester 


81% 



Example 82 

N-Ethyl^trifluoromethylJ-e-ttrimethylsilylJ-benzamide. 

2-(Trifluoromethyl)benzoyl chloride and ethyl amine were combined according to General Method E1 and 
recrystallized from cold hexanes to give 7.7 g N-ethyl-2-(trifluoromethyl)benzamide as a white solid, a 67% 
yield, m.p. 73-76 °C. 

This compound was combined with 2.0 eq TMSCI according to General Method C. Recrystallization from 
ethyl acetate/hexanes gave 2.0 g of the title compound as a white solid, a 69% yield, m.p. 134-135 °C. 

Example 83 

N-Ethyl-2-chloro-6-[(chloromethyl)dimethylsilyl]-benzamide. 

The title compound was prepared from the compound of Example f and 2.0 eq (chloromethyl)dimethylsilyl 
chloride according to General Method C. 

R crystallization from ethyl acetat gave 3.0 g of the desired compound as a white solid, a 52% yi Id. m.p. 
88-89 °C. 
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Example 84 

N,N-Diethyl-2,3-dichloro-6-(trim thylsilyl)benzamid . 

5 The title compound was prepared from the compound of Example 39 and 1.5 eq hexachloroethane ac- 

cording to General Method A. Purification by RC with 1 :4 ethyl acetate/hexanes afforded 320 mg of the desired 
compound as a white solid, a 14% yield, m.p. 143-147 °C. 

Example 85 

10 

N,N-Diethyl-2-chloro-3-ethyl-6-(trimethylsilyl)-benzamide. 

The title compound was prepared from the compound of Example 39 and 8.5 eq ethyl iodide according to 
General Method A. Purification by RC with 1:4 ethyl acetate/hexanes gave 1.3 g of the desired compound as 
15 a green oil, a 57% yield. 

Example 86 

N v N-Diethyl-2-chloro-3 t 6-bis(trimethylsilyl)benzamide. 

20 

The title compound was prepared from the compound of Example 39 and 2.0 eq TMSCI according to Gen- 
eral Method A. Purification by HPLC with 1:4 ethyl acetate/hexanes gave 0.9 g of the title compound as a 
white solid, a 37% yield, m.p. 93-96 °C. 

25 Example 87 

N-Ethyl-2-chloro-6-(ethenyldimethylsilyl)benzamide. 

The title compound was prepared from the compound of Example f and 1 .5 eq vinyldimet hylsilyl chloride 
30 according to Genera! Method C. Purification by HPLC with 1:4 ethyl acetate/hexanes gave 630 mg of the de- 
sired product as a white solid, a 9% yield, m.p. 86-89 °C. 

Example 88 

35 N,N-Diethyl-2-chloro-3-fluoro-6-(trimethylsilyl)-benzamide. 

N,N-Diethyl-2-chloro-3-fluorobenzamide was prepared from N,N-diethyl-3-fluorobenzamide (prepared 
from 3-fluorobenzoic acid and diethyl amine as generally described above) and 1.4 eq hexachloroethane ac- 
cording to General Method A Purification by HPLC WITH 1:4 ethyl acetate/hexanes gave 3.3 g of the desired 
40 compound as a clear oil, a 56% yield. 

This compound was combined with 2.0 eq TMSCI according to General Method A. Purification by HPLC 
with 3:7 ethyl acetate/hexanes gave 2.2 g of the title compound as a clear oil, a 50% yield. 

Example 89 

45 

N-Ethyl-2-chloro-6-(1 ,1 -dimethylethoxy)benzamide. 

To a solution of the compound of Example f (3.7 g, 20 mmol) and TMEDA (6.0 mL, 40 mmol) in anhydrous 
THF (100 mL) at -78 °C under nitrogen was added dropwise 1.3M s-BuLi (34 mL, 44 mmol). After 30 min 
so MgBr 2 Et 2 0 (15.5 g, 60 mmol) was added, and the solution was warmed to ambient temperature, then cooled 
to -78 °C and stirred for 1 h. t-Butylperoxy benzoate (4.3 g, 22 mmol) was added, and the solution was warmed 
to -30 °C and worked up in the usual manner. Purification by HPLC with 3:17 ethyl acetate/hexanes gave 1 .7 
g of the desired compound as a white solid, a yield of 33%. m.p. 126-127 °C. 

55 
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Exampl 90 

2-[1,1 -Dimethyl thyl)thio]-N-ethyl-6-fluorob nzamide. 

5 Asolution of 2-methyl-2-propanethiol (2.7 g, 0.03 mol), THF (100 mL), sodium hydride (0.79 g, 0.033 mol), 

and the compound of Example g (3.17 g, 0.015 mol), were stirred at RT overnight followed by refluxing over- 
night. The mixture was allowed to cool and sat aq NaHC0 3 (50 mL) was added. This mixture was extracted 
with three 50 mL portions of ethyl acetate. The organics were combined and washed twice with water, dried 
(MgS0 4 ) and concentrated. The concentrate was purified by HPLC, eluting with 1:4 ethyl acetate/ hexanes. 

10 This oxazoline compound was obtained as a yellow oil in 83% yield. 

This product was then carried through Steps 1, 2, 3, and 4, as follows: 

Step 1, Oxazoline Ring Opening: 

15 A2M solution of trif luoromethanesulfonic anhydride (1 .5 eq) in CH 2 CI 2 was added dropwise to an ice water- 
cooled 0.67M solution of the oxazoline compound (1 eq) in CH 2 CI 2 . The resulting solution was stirred at 0 °C 
for 1 min, then was poured into an equal volume of ice-water and vigorously stirred for 15 min. The organic 
layer was washed twice with 10% HCI, dried (MgS0 4 ), and concentrated. Purification by HPLC in ethyl acet- 
ate/hexanes over silica was accomplished. 

20 

Step 2, Methylation with Diazomethane: 

A freshly prepared solution of diazomethane in anhydrous ethyl ether was added in excess to an ether 
solution of the product from Step 1 . The resulting yellow solution was allowed to stand at RT overnight before 
25 being quenched with acetic acid (5 mL). The organic layer was then washed with 10% HCI followed by 2.5N 
aq NaOH, dried (MgS0 4 ), and concentrated to afford the N-methylated sulfonamide. 

Step 3, Saponification of N- Methylated Sulfonamide: 

30 Potassium hydroxide (3 eq) and the N-methylated sulfonamide from Step 2 in DMSO were stirred at 110°C 
for 3-4 h. The resulting solution was cooled, diluted with an equal volume of water, and extracted three times 
with ether. The aqueous layer was then acidified with 10% HCI and extracted three times with ether. The latter 
extracts were combined, dried (MgS0 4 ), and concentrated to yield the 2,6-disubstituted-benzoic acid. 

35 ste P 4 » Preparation of 2,6-Disubstituted-N-Ethyl-Benzamide: 

Oxalyl chloride (2.2 eq) and the 2,6-disubstituted-benzoic acid (1 eq) from Step 3 were stirred in toluene 
with catalytic DMF at RT under nitrogen for 1 h. The solvent was removed in vacuo before additional toluene 
(50 mL) was added and similarly removed. The resulting acid chloride was dissolved in CH 2 CI 2 (50 mL) treated 
40 with 70% ethyl amine (3.3 eq) and stirred an additional 30 min at RT. The organic layer was then washed twice 
with 10% HCI and twice with water, dried (MgS0 4 ), and concentrated to yield a white solid. Purification was 
by recrystallization from ether/ hexanes. The resulting final product was recrystallized from ether/hexanes. 
The title compound was recovered as a white solid, m.p. 107-109 °C. 

45 Example 93 

2-(2,2-Dimethylpropyl)-N-ethyl-6-fluorobenzamide. 

A solution of p.p'-di-t- butyl biphenyl (5.559 g, 0.021 mol) and THF (100 mL) was stirred at 0 °C under an 
so atmosphere of argon. Lithium wire (0.021 mol, 0.15g) was added in small pieces and the mixture was allowed 
to stir at 0 °C for 24 h. The mixture was cooled to -78 °C and neopentyl chloride (2.0 g, 0.01 875 mol) was added 
dropwise. The mixture was stirred at -78 °C for 1 h, and the compound of Example g (3.17 g, 0.015 mol) was 
added all at once. The mixture was continuously stirred for 4 h and 50 mL sat aq NaHC0 3 was added. This 
mixtur was extracted with thr 50 mL portions of thyl acetate. Th combined extracts were washed twice 
55 with water, dried (MgS0 4 ), and concentrated. The crude concentrate was purified by HPLC eluting with 1:4 
ethyl acetate/hexanes. Th oxazoline was as a clear oil in 27% yield. 

This product was then carried through Steps 1-4 of Example 90. The resulting final product was recrys- 
tallized from ether/hexanes. Th title compound was obtained as a whit solid, m.p. 125-126 °C. 
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Exampl 94 

N-Ethyl-2-fluoro-6-(2-methylphenyl)b nzamide. 

5 A solution of 2-bromotoIuene (2.82 g f 0.0165 mol) and THF (100 mL) was stirred magnetically under argon 

at -78 °C. 1 .3M s-BuLi in cyclohexane (0.018 mol, 1 3.85 mL) was added dropwise. The mixture was stirred for 
0.5 h and the compound of Example g (3.1 7 g, 0.01 5 mol) was added all at once. The mixture was continuously 
stirred for 4 h and sat aq NaHC0 3 (50 mL) was added. The mixture was extracted with three 50 mL portions 
of ethyl acetate. The combined extracts were washed twice with water, dried (MgS0 4 ), and concentrated. The 

10 concentrate was purified by HPLC, eluting with 1:4 ethyl acetate/ hexanes. The oxazoline was obtained as a 
clear oil in 73% yield. 

This product was then carried through Steps 1-4 of Example 90. The resulting final product was recrys- 
tallized from ether/hexanes. The title compound was obtained as a white solid, m.p. 75-77 °C. 

15 Example 95 

2-Chloro-N-(1-methylethyl)-N-propyl-6-(trimethylsilyl)-benzamide. 

A solution of propionyl chloride (23.1 3 g, 250 mmol) in ether (100 mL) was added dropwise to an ice water- 
20 cooled solution of /so-propylamine (29.56 g, 500 mmol) in ether (200 mL). The resulting mixture was stirred 
at RT for 1 h, then was filtered to remove /so-propylamine hydrochloride. The solution of N-/so-propylpropio- 
namide (37% of the filtrate, -92 mmol) was diluted with THF (90 mL) and cooled with an ice water bath while 
a 2M THF solution of borane-dimethylsulfide (100 mL, 200 mmol) was added dropwise. The resulting solution 
was stirred at RT for 1 h, then was ref luxed for 2 h. With ice-water cooling, the excess borane-dimethylsulfide 
25 was quenched by the dropwise addition of methanol (30 mL), and the mixture was allowed to stand at RT over- 
night. HCI gas was bubbled into the solution, and the N-propyl-N-/so-propyl amine hydrochloride was collected. 

Triethylamine (27.89 mL, 200 mmol) was added to a mixture of the compound of Example b (2.47 g, 10 
mmol) and N-propyl-N-/so-propylamine hydrochloride (-92 mmol) in toluene (100 mL). The reaction was stir- 
red overnight at ambient temperature, then was partitioned between ethyl acetate and dilute citric acid. The 
30 organic phase was washed with brine, dried (MgS0 4 ), and concentrated to afford 2.50 g of the title compound 
as a waxy amber solid, an 80% yield. 

Example 96 

35 2-Chloro-N-ethyl-N-(1-methylheptyl)-6-(trimethylsilyl)-benzamide. 

A solution of acetyl chloride (7.11 mL, 100 mmol) was added dropwise to an ice water-cooled solution of 
1-methylheptyl amine (8.30 g, 64 mmol) and triethylamine (20.91 mL, 150 mmol) in THF (100 mL). The resulting 
mixture was stirred at RT for 1 h, then was diluted with ethyl acetate and washed twice with 10% HCI, twice 

40 with sat aq NaHC0 3 , and then twice with brine. The organic solution was dried (MgS0 4 ), and concentrated to 
afford 8.13 g N-(1-methylhept-1-yt)acetamide, a 73% yield. 

A 2M THF solution of borane-dimethylsulfide (31.5 mL, 63 mmol) was added dropwise to an ice water- 
cooled solution of N-(1-methylhept-1-yl)acetamide (5.13 g, 30 mmol) in THF (60 mL). The resulting solution 
was stirred at RT for 1 h, then was refluxed overnight. With ice-water cooling, the excess borane-dimethyl- 

45 sulfide was quenched by the dropwise addition of methanol (10 mL), and the mixture was allowed to stand at 
RT overnight The amine hydrochloride could not be precipitated with the addition of HCI gas, so the amine 
hydrochloride was extracted into dilute HCI. The acidic aq solution was extracted with ether, then made basic 
and extracted with ethyl acetate. The ethyl acetate solution was dried (MgS0 4 ) and concentrated to afford 3.70 . 
g of impure N-ethyl-N-(1 -met hy Inept- 1-yl)amine as an amber oil. 

50 Triethylamine (2.02 g, 20 mmol) was added to a mixture of the compound of Example b (2.47 g, 10 mmol) 
and N-ethyl-N-(1-methylhept-1-yl)amine (3.15 g, 20 mmol) in toluene (25 mL). The reaction was stirred 2.5 h 
at ambient temperature, then was partitioned between ethyl acetate and dilute citric acid. The organic phase 
was washed twice with sat aq NaHC0 3 , followed with brine, then was dried (MgSO 4 ), concentrated, and ku- 
gelrohr distill d under vacuum. The fraction which distill d at 157 °C was collected to afford 1.16 g of th titl 

55 compound as an amber oil, a 38% yield. 
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Example 97 

2-(Difluoromethyl)-N,N-di thyl-6-(trimethylsilyl)-benzamid . 

The compound of Example 2 (9.96 g, 40 mmol) and a solution of DMF (3.65 g, 50 mmol) in THF (20 mL) 
were combined according to General Method A. The resulting reaction mixture was partitioned between ethyl 
acetate and dilute citric acid. The organic phase was washed with sat aq NaHC0 3 followed with brine, dried 
(MgS0 4 ), and concentrated to afford 8.35 g of N p N-diethyl-2-trimethylsiiyl-6-formylbenzamide as a white solid, 
a 75% yield, m.p. 63.5-65.5 °C. 

DAST (0.63 mL, 4.8 mmol) was added to an ice water-cooled solution of N,N-diethyl-2-trimethylsilyl-6-for- 
mylbenzamide (0.665 g, 2.4 mmol) in CH 2 CI 2 (20 mL). The solution was warmed to RT and stirred for 17 h, 
then additional DAST (1.0 mL, 7.6 mmol) was added. This mixture was stirred for 1 additional day, then was 
quenched with ice-water. The CH 2 CI 2 solution was dried (MgS0 4 ) and concentrated to afford 0.69 g of the title 
compound as an amber oil, a yield of 96%. 

Example 98 

N,N-Diethyl-2-(fluoromethyl)-6-(trimethylsilyl)-benzamide. 

Sodium borohydride (1.0 g, 26.4 mmol) was added to a solution of N,N-diethyl-2-trimethylsilyl-6-formyl- 
benzamide, prepared in Example 97, (5.54 g, 20 mmol) in absolute ethanol (100 mL). After 3 h the mixture 
was diluted with ether, extracted three times with brine, dried (MgS0 4 ), concentrated, and recrystallized from 
1:1 ethyl acetate/hexanes to afford 4.12 g of N,N-diethyl-2-trimethylsilyl-6-hydroxymethylbenzamide as a 
white solid, a 74% yield, m.p. 81-82.5 °C. 

DAST (0.66 mL, 5.0 mmol) was added to an ice water-cooled solution of this compound (1 .395 g, 5.0 mmol) 
in CH 2 CI 2 (40 mL). The solution was warmed to RT and stirred for 4 h, then was quenched with ice-water and 
extracted with CH 2 CI 2 . The CH 2 CI 2 extracts were combined, dried (MgS0 4 ), and concentrated to afford 1.38 g 
of the title compound as an amber oil, a 98% yield. 

Example 99 

2-Chloro-6-(trimethylsilyl)-2,2-dimethylhydrazide-benzoic acid. 

A solution of the compound of Example b (1.48 g, 0.006 mol), CH 2 CI 2 (50 mL), 1,1-(dimethyl)hydrazine 
(0.42 g, 0.007 mol), and pyridine (0.55 g, 0.007 mol) was allowed to stir at RT overnight. The reaction mixture 
was washed with 10% HCI and three times with water, dried (MgS0 4 ), and concentrated. The title compound 
was recrystallized as a white solid in 43% yield, m.p. 134-135 °C. 

Examples 101-108 

The following examples were prepared by reaction of the compound of Example b and the appropriate amine 
by ref luxing in toluene or by overnight ambient temperature reaction in dioxane in the presence of an acid scav- 
enger such as triethylamine. The melting points are reported in °C. 
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Ex. No. 


Compound Name 


M.R 


101 


2-Chloro-N-[I4-(1,1-dimethylethyl)phenyI]methyl]-N-methyl-6-(tri^ 
zamide 


- 


102 


2-Chloro-N-[[4-(trifluoromethyl)phenyl]-methyl]-6-(trimethylsilyl)-benzamid 


1 v^Csr* fUU 


103 


2-Chloro-N-methyl-N-[T4-(trifluoromethvhDhe^ 
mide 


85-86 


104 


2-Chloro-N-(6,6-dimethyl-2-hepten-4-yn^ 




105 


2-Chloro-N-methyl-N-(3-phenyl-2-propenyl)-6-(trimethylsilyl)benzamide 




106 


2-Chloro-N-2-propenyl-6-(trimethylsjlyI)benzamide 


97-99 


107 


2-Chloro-N-(1 ,1 -dimethyl-2-propynyl)-6-(trimethyisilyI)benzamide 


155-157 


108 


2-Chloro-N-(2-propynyl)-6-(trimethyisilyl)benzamide 


112-114 



Example 109 

20 

[2-Chloro-6-(trimethylsiiyl)phenyl]carbamic acid, ethyl ester 

A mixture of the compound of Example h (1 0 mmol) and ethanol (75 mL) was ref luxed for 1 h. The mixture 
was concentrated and the residue dissolved in ethyl acetate. The solution was washed twice with water and 
25 the solvent removed to yield the crude product, which was recrystallized from hexane. GC/MS showed some 
remaining isocyanate so the solid was dissolved in ethanol and refluxed again with approx. 0.1 g diazobisbi- 
cyclooctane. FID/GC indicated a complete reaction and the ethanol was removed and the title compound re- 
covered, m.p. 109-110 °C. 

30 Example 110 

N-[2-Chloro-6-(trimethylsilyl)phenylJ-N'-ethylurea. 

To a solution of the compound of Example h (4 mmol) in 50 mL toluene was added 70% ethyl amine (4 
35 mL). The solution was stirred for 0.5 h and then stood overnight. Ethyl acetate was added and the mixture 
was washed with water. The organic layer was concentrated to a semisolid, which was triturated with hexane. 
The title compound was collected by filtration as 0.9 g of crystals, an 83% yield, m.p. 161-163 °C. 

Example 111 

40 

[2-Chloro-6-(trimethylsilyl)phenyl]carbamic acid, 1,1-dimethylethyl ester. 

o-Chlorophenyl isocyanate (0.16 mol) was dissolved in toluene (250 mL), and terf-butanol (12.9 g, 0.174 
mol) was added. After ref luxing overnight, the cooled solution was filtered. The solvent was removed from the 
45 filtrate and (2-chlorophenyl)carbamic acid, 1 ,1-dimethylethyl ester was recovered. 

This compound was combined with t-BuLi in THF at -71 °C using the procedures described above and 
then reacted with TMSCI. The title compound was recovered as 1.3 g of crystals, m.p. 90-91 °C. 

Examples 112-114 

50 

Compound 112: (Z)-2-Chloro-N-1-propenyl-6-(trimethylsilyl) benzamide. 
Compound 113: (E)-2-Chloro-N-1-propenyl-6-(trimethylsilyl) benzamide. 
55 Compound 114: A 50:50 mixtur of Compounds 112 and 113. 

The compound of Example 106 (17 mmol) and of Wilkinson's catalyst [tris(triphenylphosphine)rhodium(l) 
chloride] (80 mg) w redissolv dinlOOmLtolu n andr fluxed for fourd ays. Th mixtur was filter d through 
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silica gel, which was wash d with ethyl acetate and combined with th filtrate. The solvent was remov d and 
th mixture was r solved by RC with 1:9 thyl acetate/hexan to yield two fractions having differ nt tic spots. 
Th first fraction was cone ntrat d to yield a solid which was recrystalliz dfromh xan toyi Id 1 .9 g of Com- 
pound 114 (m.p. 100.0-105.0). This solid (0.25 g) was purified by RC with hexane as a solvent to yi Id Com- 
5 pound 112 (m.p. 140.0-141.0 °C) and Compound 113 (m.p. 101.0-102.0 °C) as pure isomers. 

Example 115 

2-Chloro-N-ethyl-6-(trimethylstannyl)benzamide. 

10 

1 .3M s-BuLi in cyclohexane (25.8 mL, 33.5 mmol) was added dropwise to a -78 °C cooled solution of the 
compound of example f (2.80 g, 15.3 mmol) and TMEDA (3.55 g, 30.6 mmol) in THF (100 mL). After stirring 
the resulting reaction mixture at -78 °C for 1 5 mfn, hexamethylditin (5.0 g f 1 5.3 mmol) was added. The reaction 
was warmed to -60 °C, and then partitioned between ether and water. The ether was dried (MgS0 4 ), concen- 
15 trated, and purified by silica gel chromatography, eluting with 1:4 ethyl acetate/hexanes, to afford 4.10 g of 
the title compound as a white solid, a 77% yield, m.p. 78-80 °C. 



Example 116 

20 2-Chloro-N-ethyl-6-(9-phenanthrenyl)benzamide. 



The title compound was prepared by treatment of 9-bromophenanthrene (0.94 g, 3.65 mmol) according 
to General Method D. It was obtained as 0.55 g of a white solid, a 56% yield, m.p. 189-191 °C. 



25 Example 117 



N-Ethyl-2-fluoro-6-(trimethylsilyl)benzamide. 



2-Fluorobenzoyl chloride (2 g, 12.6 mmol) and 70% aq ethyl amine (1.78 g, 27.7 mmol) were combined in 
30 CH 2 CI 2 according to General Method E1, and kugelrohr distilled to give 1.85 g of N-ethyl-2-fluorobenzamide 
as a colorless oil, an 87% yield. 

Asolution of 1.3M s-BuLi in cyclohexane (20.3 mL, 26.4 mmol) was added to an ether/liquid nitrogen cooled 
solution of N-ethyl-2-fluorobenzamide (2.00 g, 11.98 mmol) in THF (75 mL) and ether (75 mL), maintaining 
the internal reaction temperature ^ -95 °C. The resulting mixture was stirred at this temperature for 30 min, 
35 then TMSCI (1.43 g, 13.2 mmol) was added and the mixture warmed to -60 °C. After 2 h, the reaction was 
poured into water (200mL). The organic layer was dried (MgS0 4 ), concentrated, and purified by silica gel chro- 
matography, eluted with 3:7 ethyl acetate/hexanes, to afford 0.45 g of the title compound as a white solid, a 
16% yield, m.p. 86-87 °C. 



40 Example 118 



1 -[3-Fluoro-2,6-bis(trimet hylsilyl)benzoyl]pyrrol id ine. 

3-Fiuorobenzoyl chloride was reacted with pyrrolidine using General Method E1 or E2 to produce N-(3- 
45 fluorobenzoyi)pyrrolidine. 

Asolution of 1.3M s-BuLi in cyclohexane (23.91 mL, 31.1 mmol) was added to an ether/liquid N 2 cooled 
(-90 °C) solution of TMEDA (3.97 g, 34.2 mmol) in THF (40 mL), followed by the addition of a solution of N-(3- 
fluorobenzoyl) pyrrolidine (5.0 g, 25.9 mmol) in a minimum volume of THF. The resulting reaction mixture was 
stirred at -90 °C for 15 min, then TMSCI (6.75 g, 62.2 mmol) was added in a single portion. The reaction was 
so warmed to RT, quenched with dilute aq citric acid, then was extracted with ether (3X). The combined ether 
extracts were dried (MgS0 4 ), concentrated, and purified by HPLC with 3:7 EtOAc/hexanes to afford 0.45 g of 
the title compound as an oil, a 45% yield, which solidified on standing to a white solid, m.p. 97-100 °C. 

Example 119 

55 

2-Chloro-N,N-diethyl-6-(trim thylgermyl)benzamide. 



Asolution of 1.3M s-BuLi in cyclohexan 



(21.8 mL, 28.3 mmol) was added dropwise to a dry ice/aceton 
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cooled solution of the compound of xampl (4.6 g, 21.7 mmol) in THF (60 mL), maintaining the int rnal re- 
action temperature ^ -65 °C. This mixture was stirred at -78 °C for 45 min, then was quenched by the dropwis 
addition of a solution of trimethylchlorog rmane (5.0 g, 32.6 mmol) in THF (30 mL), again maintaining th in- 
ternal reaction temperature s -65 °C. The reaction was warmed to 0 °C, dilut d with ether, and xtracted with 
5 1 0% HCI (2X) followed with sat aq NaHC0 3 . The ether was dried (MgS0 4 ), concentrated, and purified by HPLC 
with 6% EtOAc in hexanes to afford 3.2 g of the title compound as a white solid, a 45% yield, m.p. 47-48 °C. 

Example 120 

10 2-Bromo-N-(2-methylphenyl)-6-(trimethylsilyl)benzamide. 

The compound of Example c (0.0035 mol, 0.95g), 1 5 mLthionyl chloride, and 1 drop of DMF were combined 
and stirred at RT overnight. Toluene (50 mL) was added and the mixture concentrated to dryness. This process 
was repeated three times, and the residue dissolved in CH 2 CI 2 (50 mL). 2-Methylaniline (0.0035 mol, 0.37g) 
15 and triethylamine (0.0035 mol, 0.39g) were added and the mixture was stirred at RT overnight. The mixture 
was washed with 10% HCI and twice with water; dried (MgS0 4 ) and concentrated. The title compound was 
recrystallized from hexanes as a tan solid in 71% yield, m.p. 113-115 °C. 

Example 121 

20 

N-(2-Methylphenyl)-2-(trimethylsilyl)benzamide. 

The compound of Example 120 (0.0021 mol, 0.75g) and 50 mL THF were cooled to -78 °C in a nitrogen 
atmosphere with magnetic stirring. 1.3M s-BuLi (0.0026 mol, 2mL) in cyclohexane was added dropwise. After 
25 stirring for 30 min, 25 mL of 25% citric acid were added. The mixture was then extracted three times with ethyl 
acetate, the extracts combined and washed with brine and twice with water, dried (MgS0 4 ) and concentrated. 
The title compound was recrystallized as a white solid from ethyl acetate/hexanes in 54% yield, m.p. 117-119 
°C. 

30 Example 122 

2-Chloro-N-ethyl-6-(2-naphthalenyl)benzamide. 

The title compound was prepared by treatment of 2-bromonaphthalene (0.76 g, 3.65 mmol) according to 
35 General Method D. It was obtained as 0.68 g of a white solid, a 60% yield, m.p. 182-184 °C. 

Example 123 

N-Ethyl-2-fluoro-6-(1-methylcyclopentyl)benzamide. 

40 

To lithium sand (0.44 g, 63.0 mmol) in THF (100 mL) at 0 °C under argon was added 4,4'-di-tert-butylbi- 
phenyl (13.27 g, 51.0 mmol) and the resulting mixture was stirred at 0 °C overnight The mixture was then 
cooled to -78 °C and 1-chloro-1-methylcyclopentane (3.0 g, 25.3 mmol) in THF (25 mL) was added. [1-Chloro- 
1-methylcyclopentane, a clear oil with b.p. 87-88 °C/15T was obtained by the chlorination of 1-methylcyclo- 

45 pentanol with HCI gas.) This mixture was stirred for 1 5 min and the compound of Example g (5.34 g, 25.3 mmol) 
was added. The resulting solution was stirred at -78 °C for 1 h before being poured into water (250 mL). The 
aq layer was extracted three times with ether, and the combined extracts were dried (MgS0 4 ) and concentrated 
to yield 2-[2-fluoro-6-(1-methyl-cyclopentyl)-phenyl]-4,5-dihydro-4,4-dimethyloxazole, as a clear oil in 40% 
yield. This oxazoline was carried through Steps 1-4 of Example 90. The resulting final product was recrystal- 

so lized from ether/hexanes and obtained as a white solid, m.p. 116-117 °C. 

Example 124 

N-Ethyl-3-(trim thylsilyl)-4-pyridinecarboxamid . 

55 

A solution of 4-pyridin carboxylic acid (20 g, 0.1 6 mol) in 60 mL thionyl chloride was stirred at RT for 24 
h. Aft r that, xcess thionyl chlorid was removed in vacuo. The solid residue was add d in portions to a mix- 
tur of 60 g of 70% ethylamine in water and 200 mL CH 2 CI 2 at -5 °C and then stirr d at RT for 18 h. Water 
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was added. The organic solution was s parat d, washed with water, brin , dried and cone ntrated to giv 9.5 
g fth crude N-ethyl-4-pyridin carboxamide. 

A solution of N- thyl-4-pyridinecarboxamide in THF was metallated with lithium diisopropylamide (pre- 
pared from diisopropyl amin and 2.5M n-BuLi in hexan according to the method of Example 250) and quench- 
5 ed with TMSCI as in step c of Example 248. The title compound was purified by flash chromatography first 
with 20%, and then 70% ethyl acetate-hexane as eluent and recovered as a white solid. m.p. 93-95 °C. 

Example 125 

10 2-Chloro-N-ethyl-N-(2-furylmethyl>-6-(trimethylsilyl)-benzamide. 

A1.0M THF solution of sodium bis(trimethylsilyl)amide (7.7 mL, 7.7 mmol) was added dropwise to a sol- 
ution of the compound of Example 32 (2.15 g, 7.0 mmol) in THF (30 mL). After stirring 1 h, a solution of ethyl 
iodide (1.31 g, 8.4 mmol) in THF (15 mL) was added. The resulting reaction was stirred overnight at RT f then 
15 was partitioned between ethyl acetate and dilute aq citric acid. The organic solution was washed twice with 
sat aq NaHC0 3 and then twice with brine, then was dried (MgS0 4 ) and concentrated to afford 1.8 g of the title 
compound as an amber oil, a 77% yield. 

Example 126 

20 

2-Chloro-N,N-bis(1-methylethyl)-6-(trimethylsilyl)-benzamide. 

The compound of Example b (2.47 g, 10 mmol), diisopropyl amine (2.23 g, 22 mmol), and toluene (25 mL) 
were combined according to General Method E2. The crude product was recrystallized from ethanol/water to 
25 afford 1.75 g of the title compound as a white solid, a 58% yield, m.p. 96-97.5 °C. 

Example 127 

N-Ethyl-N-(methoxymethyl)-2-methyl-6-(trimethylsilyi)-benzamide. 

30 

The compound of Example 50 (1.33 g, 5.0 mmol) and Mel (2.8 g, 20 mmol) were combined according to 
General Method B. The resulting reaction was partitioned between ethyl acetate and sat aq NaHC0 3 . The or- 
ganic phase was washed with brine, dried (MgS0 4 ), and concentrated to afford a quantitative yield of the title 
compound as an oil. 

35 

Example 128 

2-Chloro-N-(2-ethoxyethyl)-N-ethyl-6-(trimethylsilyl)-benzamide. 

40 The compound of Example b (4.94 g, 20 mmol), 2-ethoxyethyi amine (3.92 g, 44 mmol), and toluene (35 
mL) were combined according to General Method E1. The crude product was recrystallized from aq ethanol 
to afford 3.97 g of N-(2-ethoxyethyl)-2-chloro-6-(trimethylsilyl)-benzamide as white solid, a 66% yield, m.p. 
71-73 °C. 

A 1 M THF solution of sodium bis(trimethylsilyl)-amide (7.7 mL, 7.7 mmol) was added dropwise over 5 min 
45 to a solution of N-(2-ethoxyethyl)-2-chloro-6-(trimethylsilyl) benzamide (2.1 g, 7 mmol) in THF (30 mL). The 
resulting mixture was stirred for 1 h at RT, then a solution of ethyl iodide (1.31 g, 8.4 mmol) in THF (15 mL) 
was added with a mild exotherm. The resulting reaction mixture was stirred overnight, then was partitioned 
between ethyl acetate and dilute aq citric acid. The ethyl acetate phase was washed with sat aq NaHC0 3 fol- 
lowed with brine, then was dried (MgS0 4 ) and concentrated to afford 1.9 g of the title compound as an amber 
50 oil, an 83% yield. 

Examples 129-134 and 144-163 

The following xamples were prepared by reaction of th compound of Exampl b and the appropriat 
55 amine by General Method E1 . Melting points are reported in °C. 
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Ex. No. Compound Name m.P. 

129 2-Chloro-N-cyclohexyl-6- 198 . 5- 
(trimethylsilyl) benzamide 200.5 

130 N-[2-Chloro-6- 
(triroethylsilyl) benzoyl] -2 , 6- 
dimethy Imorphol ine 

131 N-[2-Chloro-6- 187.5-190 
(trimethylsilyl) benzoyl] -2 , 6- 
dimethylpiperidine 

132 N-[2-Chloro-6- 110-111.5 
(trimethylsilyl ) benzoyl ] - 

morpholine 

133 N-[2-Chloro-6- 76-77.5 
(trimethylsilyl) benzoyl] -4- 
methylpiperazine 

134 N-[2-Chloro-6- " 111-113 
( tr ime t hy 1 s i ly 1 ) ben z oy 1 ] - 

piperidine 

Examples 135-142 

The following examples were prepared by reaction of the compound of Example b and the appropriate amine 
in dioxane in the presence of a slight molar excess of triethyl amine using the amination methods described 
above. The melting points are reported in °C. 
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Compound Namg m.P. 

2-Chloro-N-(2- 84-88 

pyridinylmethyl) -6- 

( trimethylsilyl) benzamide 

2-Chloro-N-[ (4- 100-103 
methoxypheny 1 ) methyl ] -6- 
(trimethylsilyl) benzamide 

2-Chloro-N-[ (4-nitrophenyl) - 131-135 
me thy 1 ] - 6 - ( t r ime thy 1 s i ly 1 ) - 
ben z amide 

2-Chloro-N-(2-thienylmethyl)- 120-122 
6- (trimethylsilyl) benzamide 
2-Chloro-N-[ (3- 85-87 
methoxypheny 1 ) methyl ] -6- 
( trimethylsilyl) benzamide 

2-Chloro-N-[ (3,4,5- 128-130 
trimethoxyphenyl) methyl] -6- 
( tr ime thy Is i ly 1 ) ben z amide 
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2-Chloro-N- [ (3-nitrophenyl) - 121-122 

methyl] -6- (trimethylsilyl) - 

benzamide 

2-Chloro-N- (cyanoraethyl) -6- 145-147 
(trimethylsilyl) benzamide 

N-(l, 3-benzodioxol-5- 138-140 
ylmethyl) -2-chloro-6- 
(trimethylsilyl) benzamide 

2-Chloro-N- (4- 122-125 

pyridinylmethyl) -6- 

(trimethylsilyl) benzamide 

2-Chloro-N- ( 2-methoxyethyl) -6- 75-77 

(trimethylsilyl) benzamide 

2-Chloro-N- (2-methyl-2- 118-121 
propenyl) -6- 

(trimethylsilyl) benzamide 

1- [ 2-Chloro-6- 109-111 
(trimethylsilyl) benzoyl] - 
1,2,3, 6- (tetrahydro) pyridine 

1- [2-Chloro-6- 75-77 
( tr imethy Is ily 1 ) benzoyl ] -2 , 5- 
dihydro-2 , 5-dimethyl-lH- 

pyrrole 

2- Chloro-N- 99-101 
(cyclopropy Imethy 1) -6- 
(trimethylsilyl) benzamide 

2-Chloro-N- (1-methylpropyl) -6- 148-149 

( tr imethy Is i ly 1 ) benzamide , 

(r)- 

2-Chloro-N- (1-methylpropyl) -6- 149-150 

(trimethylsilyl) benzamide, 

(s)- 

N-(2-Bromoethyl)-2-chloro-6- 101-103 
(trimethylsilyl) benzamide 

2-Chloro-N- (2-hydroxy-l- 108-111 

methylethyl)-6- 

(trimethylsilyl) benzamide 
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155 2-Chloro-N-(2-f luoroethyl) -6- 103-105 
(trimethylsilyl) benzamide 

156 2-Chloro-N-[2-(l- 92-94 
methylethy 1 ) phenyl ] -6- 
(trimethylsilyl) benzamide 

157 2-Chloro-N-(2-ethoxyphenyl) -6- 73-76 
(trimethylsilyl) benzamide 

158 2-Chloro-N-(2- 110-113 
cyclopentylphenyl) -6- 
(trimethylsilyl) benzamide 

159 2-Chloro-N-(2-methoxyphenyl) - 75-76 
6- (trimethylsilyl) benzamide 

160 2-Chloro-N-(2-nitrophenyl) -6- 88-90 
(trimethylsilyl) benzamide 

161 2-Chloro-N- ( 1-phenylethyl) -6- 129-132 
(trimethylsilyl) benzamide 

162 2-Chloro-N-(2-methylpropyl)-6- 132-133 
(trimethylsilyl) benzamide 

163 2-Chloro-N-cyclobutyl-6- 14 5-146 
(trimethylsilyl) benzamide 

Example 143 

N-Ethyl-N-(hydroxymethyl)-2-methyl-6-(trimethylsilyi)-benzamide. 

The compound of Example 127 (0.80 g, 2.9 mmol) was refluxed in a mixture of acetonitrile (20 mL) and 
2N HCI (20 mL). Within 2 h the reaction was complete by GLC, and was cooled and partitioned between ether 
and water. The ether phase was concentrated and purified by RC with 1 :4 ethyl acetate/hexanes, then recrys- 
tallized from hexanes to give 160 mg of the title compound as a solid, a 21% yield. 

Example 164 

2-Chloro-N-methyl-N-(1-methylethyl)-6-(trimethylsilyl)-benzamide. 

Thionyl chloride (1.5 g, 12 mmol) was dissolved in 50 mLCH 2 CI 2 and the compound of Example 154 (dis- 
solved in 50 mL CH 2 d 2 ) was dropped in slowly. A drop of DMF was added and the mixture stirred overnight. 
Water was added and the mixture extracted with ethyl acetate to yield a solid which was recrystallized from 5 
% ethyl acetate/hexane. 2-Chloro-N-(2-chloro-1-methylethyl)-6-(trimethylsilyl)benzamide was obtained (2.2 
g, 7.3 mmol, 73% yield), m.p. 150-151 °C. 

This compound (1 .5 g, 5.0 mmol) was dissolved in 50 mLTHF and 5.5 mL 1 M (in THF) potassium t-butoxide 
(5.5 mmol) was added. After standing 4 hrs, water was added the mixture extracted with ethyl acetate. Removal 
of solvent yielded an oil identified as 2-[2-chloro-6-(trimethylsilyl) phenyl]-4»6-dihydro-4-methyl-oxazole. 

This compound (2.67 g, 10 mmol) and trimethyloxonium fluoroborate (1.5 g, 10 mmol) were dissolved in 
CH 2 CI 2 and allowed to stir 1 8 days. Ether was added to th mixture and th precipitat collected. The product, 
identified as 2-[2-chloro-6-(trimethylsilyl)ph nyl]-4 1 5-dihydro-3,4-dimethyl-oxazolium tetrafluoroborate, was 
recrystalliz d by redissolving it in CH 2 CI 2 and adding ther to the cloud point, m.p. 1 55-157 °C. 

This compound (1.9 g, 5.1 mmol) and sodium cyanoborohydride (0.32 g) were added to methanol and stir- 
red overnight. The mixtur was filter d and water added to th mother liquor. Extraction with thyl acetate 
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yield d an oil upon solvent r moval. The oil was dissolved in 50% ethyl ac tat /h xan and filter d through 
silica gel. Removal of the solvent yield d an oil which was purified by RC (20% thyl ac tat /h xane). 

Example 165 

5 

2-Chloro-N-[(2-propenylamino)carbonyl]-6-(trimethylsilyt)benzamide. 

Silver cyanate (3.0 g, 20 mmol) which had been dried overnight at 140° was added to dry toluene followed 
by 2-chloro-6-trimethylsilylbenzoyl chloride (Example b) (2.46 g, 10 mmol). After refluxing 4 hrs, allyl amine 
10 (0.6 g, 10 mmol) is added and the mixture refluxed overnight After filtration through silica gel to remove silver 
salts, the solvent was removed to yield an oil. Trituration with hexane produced 0.7 g of the title compound 
as a solid, m.p. 68-71 °C. 

Example 166 

15 

2-Chloro-N,N-diethyl-6-[(trimethylsilyl)methyl]-benzamide. 

The compound from example e (1 .0 eq) and Mel (3.0 eq) were combined according to Method A. The crude 
product was purified by HPLC with 1:4 EtOAc/hexanes to give 5.2 g of N,N-diethyl 2-chloro-6- 
20 methylbenzamide as a yellow solid, a 92% yield, m.p. 48°-49 °C. 

This compound (1 .0 eq) and TMSCI (2.0 eq) were combined according to Method A, and purified by HPLC 
with 1:9 EtOAc/hexanes to give 2.1 g of the title compound as a clear oil, a 59% yield. 

Example 167 

25 

2-Chloro-N-hydroxy-N-(1-methylethyl)-6-(trimethylsilyl)-benzamide. 

The title compound was prepared by reaction of the compound of Example b and the i-propyl hydroxy! a- 
mine hydrochloride in dioxane in the presence of two equivalents of triethylamine using the amination methods 
30 described above, m.p. 1 75-1 79°C 

Example 168 

2-Chloro-N-hydroxy-N-(1-methylethyl)-6-(trimethylsilyl)-benzamide, compd. with iron hydroxide (1:1). 

35 

The compound of Example 167 (0.47 g, 1.6 mmol) was added to 40 mL 0.5 M sodium acetate solution. 
Acetone was added to this suspension to a total of 80 mL Slight warming yielded a homogeneous solution. 
Ferric chloride (0.44 g, 1 .6 mmol), dissolved in 10 mL water, was added. A precipitate forms which seems to 
be colloidal in nature. Stripping of the acetone yielded a precipitate which could be easily filtered off and dried 
40 under vacuum overnight to yield 0.50 g of the title compound, m.p. 260 °C. 

Example 169 

2-Chloro-N-ethyl-6-(trimethylsilyl)benzenecarboximidothioic acid, ethyl ester. 

45 

A solution of 9.66 g (36 mmol) of the compound of Example 76 and 40 mL trimethyloxonium tetrafluoro- 
borate (1.0 M, 40 mmol) was allowed to stand overnight at RT. The mixture was stripped to 40 mL and 300 mL 
ether added to precipitate the product, which was identified as 9.5 g of N-[[2-chloro-6-(trimethylsilyl)phe- 
nyl](ethylthio)-methylene]ethanamine (1:1) compound with tetrafluoroborate hydrate, m.p. 160-161 °C. 
so To 3.87 g (1 0 mmol) of this compound in 1 00 mL CH 2 CI 2 was added 1 .5 g (15 mmol) of triethyl amine. After 
standing a few minutes, the mixture was extracted with 1 00 mL water and the solvent removed to yield an oil. 
Purification was accomplished by RC (10% ethyl acetate/hexane) to yield 2.5 g of pure oil. 

Example 170 

55 

N-(1H-Benzotriazol-1-ylphenylmethyl)-2-chloro-6-(trimethylsilyl) b nzamid . 

A mixture of 2-chloro-6-trimethylsilylbenzamide (2.27 g, 10 mmol), which may be r adily prepared by the 
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reaction of th compound of Example b and ammonium hydroxide, b nzaldehyde (1.1 g, 10 mmol), and ben- 
zotriazol (1.2 g, 10 mmol) was reflux d 5 days in toluene utilizing a D an-Stark trap to r mov water. Th 
solvent was remov d to yield an oil which crystallizes. R crystallization from thylac tateyi IdedO.Sgofth 
title compound, m.p. 184-186 °C. 

5 

Example 171 

2-Chloro-N-(2-chloro-1-methylethyl)-6-(trimethylsilyi)-benzamide. 
w This compound was prepared in the first step of Example 164. m.p. 150-151 °C. 
Example 172 

2-Chloro-N-ethyl-N-(methylthio)-6-(trimethylsilyi)-benzamide. 

15 

The compound of Example 45 (2.55 g, 1 0 mmol) was dissolved in 50 mL dry THF, and N-thiomethyl phtha- 
limide (1.93 g f 10 mmol) was added followed by 12 mL of 1 M LiN(TMS) 2 (in THF) (12 mmol). All operations 
were carried out under nitrogen. After stirring at RT overnight gc/ms analysis suggested a mixture of the desired 
product and phthalimide. Water was added the mixture extracted with ethyl acetate. Removal of the solvent 
20 yielded a semisolid. Addition of 15 % ethyl acetate/hexane generated a solid which was filtered off and dis- 
carded. The mother liquor was purified by RC (15% ethyl acetate/hexane) to yield 0.2 g. 

Example 173 

25 2-Chloro-N-(isopropylaminocarbonyl)-6-(trimethylsilyi)-benzamide. 

To 0.1 m of 2-chloro-6-(trimethylsilyi)benzamide, prepared by the reaction of the compound of Example 
b and ammonium hydroxide, in ethylene dichloride was added 1 .2 eq oxalyl chloride and 2 drops of DMF. After 
refluxing overnight, the solvent is stripped off and the resulting oil Kugelrohred at 0.2 mm (87-92°) to yield 21 
30 g (84%) of isocyanate. It is important to exclude moisture from the reaction; otherwise the primary amide is 
formed. 

2-Chloro-6-trimethylsilylbenzoyl isocyanate (1.3 g, 5 mmol) was dissolved in 40 mL toluene and isopropyl 
amine (1 g) added over a period of 30 seconds. After stirring 30 min, the solvent was removed to yield an oil. 
The oil was dissolved in hexane and cooled in dry ice to yield 1.2 g of crystals of the title compound, m.p. 113- 
35 116 °C, 

Example 174 

2-Chloro-N-(methylthio)-6-(trimethylsilyl)benzamide. 

40 

To 1.1 g of 2-chloro-6-(trimethyisilyl)benzamide, prepared from Example b and ammonium hydroxide, (5 
mmol) in 50 mLTHF was added 5.5 mLof 1 M (in THF) potassium t-butoxide (5.5 mmol) followed by 0.95 g N- 
thiomethylphthalimide (5 mmol). After standing overnight, gc/ms suggested close to a 50/50 mix of product to 
starting benzamide. Water was added and the mixture extracted with ethyl acetate. Removal of the solvent 
45 yielded a semisolid. Trituration with 50 mL 1 5% ethyi acetate/hexane yielded a solid which was filtered off and 
collected. The mother liquor was purified by RC (20% ethyi acetate/hexane). The first band was collected and 
stripped to an oil which crystallized upon trituration with hexane and to yield 0.3 g of the title compound, m.p. 
92-94 °C. 

so Example 175 

2,2,2-Trichloro-N-[2-chloro-6-(trimethylsilyl)phenyl]-acetamide. 

To a solution of 53.0 g (215 mmol) of the compound of Example b in 500 mL aceton was added 15.3 g 
55 (235 mmol) sodium azide and 50 mL wat r. The mixtur was stirred for 15 min and gas volution began to 
subsid . The mixture was then h ated to r flux for 22 h. Acetone was then removed in vacuo and the residue 
was partitioned between ether and water. The organic layer was washed with brine, dried (MgS0 4 ) and was 
filtered through silica gel. The filtrate was vaporat d in vacuo to yield 42.8 g (100%) of a colorless oil, identified 
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as 2-(trimethy1silyi)-6-chloroanilin . 

To a solution f 2.0 g (10.0 mmol) of this compound and 0.8 g (1 0.1 mmol) pyridin in 30 mL dry THF was 
add d 1.82 g (10.0 mmol) trichloroacetyl chlorid . Th mixtur was stirr d at ambi nt for 4 h and was then 
partitioned between th randwat r. The organic layer was washed with brin , dried (MgS0 4 ), and was filtered 
5 through silica gel. The filtrate was evaporated in vacuo and the residue was triturated in ether/hexane to yield 
the title compound as 2.9 g of white crystals. m.p. 188.5-189 °C. 

EXAMPLE 176 

10 2-Bromo-N-ethyl-6-(trimethylsilyl)benzamide. 

The compound of Example d (38.19 g, 0.13 mol) was reacted with 70% aqueous ethylamine (53 mL) ac- 
cording to General Method E1 and recrystaliized from methylcyclohexane to afford the title compound as light 
tan crystals in 92% yield, m.p. 121-122 °C. 

15 

Example 177 

2-Chloro-N-ethyl-4-(trimethylsilyl)-3-thiophene-carboxamide. 

20 A mixture of 3-thiophenecarboxylic acid (20 g, 178 mmol), thionyl chloride (30 mL), and DMF (5 drops) 
was stirred overnight, then was concentrated under vacuum and stripped several times from toluene to remove 
all traces of excess thionyl chloride. Pyridine (31.64 g, 400 mmol) was added dropwise to a mixture of this acid 
chloride and ethylamine hydrochloride in toluene (5 mL) and CH 2 CI 2 (50 mL). After stirring for 1 h, the reaction 
was washed with 10% aq HCI followed with water, then was dried (MgS0 4 ), concentrated, and crystallized 

25 from ethyl acetate/hexanes to give 14.9 g of N-ethyl-3-thiophenecarboxamide as a tan solid, a 76% yield, m.p. 
115°-117°C. 

A solution of 1.3M s-BuLi in cyclohexane (44 mL, 57.2 mmol) was added dropwise to a -78 °C cooled sol- 
ution of N-ethyl-3-thiophenecarboxamide (4.04 g, 26 mmol) and TMEDA(6.65 g, 57.2 mmol) In THF (100 mL). 
After stirring for 30 min at -78 °C, a solution of hexachloroethane (13.54 g, 57.2 mmol) in THF (20 mL) was 
30 added dropwise. The resulting reaction mixture was warmed to RT over 1 h, quenched with dilute aq citric acid, 
and extracted with EtOAc (3X). The combined organic extracts were dried (MgS0 4 ), concentrated, and purified 
by HPLC with 3:7 EtOAc/hexanes to give 2.8 g of N-ethyl-2-chloro-3-thiophenecarboxamide as a yellow oil, 
a 57% yield. 

A solution of 1.3M s-BuLi in cyclohexane (16.15 mL, 21 mmol) was added dropwise to an ether/liquid N 2 
35 cooled (-100 °C) solution of N-ethyl-2-chloro-3-thiophenecarboxamide (1.90 g, 10 mmol) and TMEDA (3.17 
mL, 21 mmol) in THF (100 mL). After stirring for 30 min at -100 °C, TMSCI (2.28 g, 21 mmol) was added in a 
single portion. The resulting reaction mixture was warmed to -25 °C over 1 h, quenched with dilute aq citric 
acid, and extracted with EtOAc (3X). The combined organic extracts were dried (MgS0 4 ), concentrated, and 
purified by HPLC with 3:17 EtOAc/hexanes to afford 0.3 g of the title compound as a white solid, an 11% yield. 
40 m.p. 46-48 °C. 

Example 178 

N-Ethyl-2-(trimethylsilyl)-1H-pyrrole-1-carboxamide. 

45 

60% NaH in mineral oil (1 .8 g, 45 mmol) was added to an ice-water cooled solution of pyrrole (2.01 g, 30 
mmol) in THF (100 mL) over a 15 min period. After 1h, the reaction mixture was cooled to -78 °C and ethyl 
isocyanate (1.78 g, 25 mmol) was added. This mixture was allowed to warm to RT and stirred overnight, then 
was partitioned between ether and dilute aq citric acid. The ether phase was dried (MgS0 4 ), filtered through 
so silica gel, concentrated, and recrystaliized from ether/hexanes to give a 39% yield of pyrrole-1-(N-ethy1 car- 
boxamide). 

1 .3M s-BuLi in cyclohexane (18.5 mL, 24 mmol) was added dropwise to a dry-ice/acetone cooled solution 
of pyrrole-1-(N-ethyl carboxamide) (1.38 g, 10 mmol) and 2,2,6,6-tetramethylpiperidine (1.55 g, 11 mmol) in 
THF (50 mL). After stirring for 30 min at -78°C, TMSCI (1.63 g, 15 mmol) was added in a single portion. Th 
55 reaction was allowed to slowly warm to Rt over 30 min, th n was quenched with dilut aq citric acid and x- 
tract d with ethyl acetat (3X). The combined organic solutions were dried (MgS0 4 ), concentrat d, and crys- 
tallized from eth r/hexan stogiv 0.8 g of the title compound as a whit solid, a 38% yi Id. m.p. 100°-103°C. 
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Example 179 

2-Chloro-6-(dimethyl-2-pr penylsilyl)-N- thyib nzamide. 

A solution of 1.3M s-BuLi in cyclohexane (10.5 mL, 13.6 mmol) was added dropwise to a dry-ice/acetone 
cooled solution of TMEDA (1.0 mL, 6.5 mmol) in THF (10 mL), followed by the dropwise addition of a solution 
of the compound of example f (1.0 g, 5.45 mmol) in THF (10 mL). The reaction mixture was stirred at -78°C 
for 30 min, then allyldimethylchlorosilane (1 0.9 mmol) was added and the mixture was stirred for 2.5h at -78°C. 
The resulting reaction was warmed to -30°C, quenched with dilute aq citric acid, diluted with water, and ex- 
tracted with EtOAc (2X). The combined organic extracts were dried (MgS0 4 ), concentrated, and purified by 
HPLC with 1:19 EtOAc/cyclohexane to give the desired compound as a white solid, m.p. 61-63°C. 

Example 180 

2-Chloro-6-[dimethyl(1-methyiethyl)silyl}-N-ethylbenzamide. 

The title compound was prepared as in Example 179 from isopropyldimethylchlorosilane in 62% yield, m.p. 
98°-100° C. 

Example 181 

2-Chloro-6-(cyclohexyldimeyiylsilyl)-N-ethylbenzamide. 

The title compound was prepared as in Example 179 from cyclohexyldimethylchlorosilane in 71% yield. 
m.p. 111-113 °C. 

Example 182 

2-Chloro-6-(dimethyloctylsilyl)-N-ethylbenzamide. 

The title compound was prepared as in Example 179 from octyldimethylchlorosilane in 78% yield, m.p. 
62-63 °C. 

Example 183 

2-(Bicyclo[2.2.1]Hept-2-yldimethylsilyl)-6-chloro-N-ethylbenzamide. 

The title compound was prepared as in Example 179 from 2-bicycloheptyl dimethylchlorosilane in 58% 
yield, m.p. 124-125 °C. 

Example 184 

2-Chloro-6-(dimethylphenylsilyl)-N-ethylbenzamide. 

The title compound was prepared as in Example 179 from phenyidimethylchlorosilane in 44% yield, m.p. 
89-91 °C. 

Example 185 

2-Chloro-6-[(1,1-dimethylethyl)dimethyisilyl]-N-ethylbenzamide. 

The title compound was prepared as in Example 1 79 from tert-butyldimethylchlorosilane in 28% yield, m.p. 
140-142 °C. 
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Example 186 

2-(1,1-Dimethylethyl)-N-ethyl-N-(1-methoxy-2,2-dimethylpropyl) benzamid . 

5 A mixture of 2-tert-butyl benzoic acid (15.7 g, 88.2 mmol) and thionyl chloride (19.3 mL, 265 mmol) was 

stirred at RTfor 1 day, then was concentrated and stripped from toluene (2X) under vacuum. The compound 
from example k (19.94 g, 176.5 mmol) was added to a solution of this crude 2-tert-butyi benzoyl chloride in 
toluene (90 mL), and the mixture was heated at 100 °C for 3h, then was stirred at room temperature overnight. 
The resulting mixture was cooled with an ice-water bath, and E^N (13.4 g, 132.4 mmol) was added, followed 

10 by the dropwise addition of methanol (5.65 g, 176.6 mmol). The resulting reaction mixture was stirred at RT 
and monitored to completion by GLC, then was partitioned between ether and sat aq NaHC0 3 . The ether ex- 
tract was dried (MgS0 4 ), concentrated, and purified by flash chromatography with 1 :9 EtOAc/hexanes to afford 

20.8 g of the title compound as a pale yellow oil, a 77% yield. 

is Example 187 

N-Ethyl-N-(1-methoxy-2,2-dimethylpropyl)-2-(trimethylsilyl) benzamide. 

A solution of the compound of Example k (30 g, 265 mmol) in CH 2 Cl 2 (60 mL) was added to an ice-water 
20 cooled solution of benzoyl chloride (36 g, 256 mmol) in CH 2 CI 2 (180 mL). The cooling bath was then removed 
and a mild exotherm occurred. After 1h the reaction was cooled with an ice-water bath, then Et 3 N (4.44 g, 

43.9 mmol) was added in a single portion, followed by the dropwise addition of methanol (2.55 g, 79.7 mmol) 
with formation of a precipitate. The resulting reaction was stirred at RT for 30 min, then was partitioned be- 
tween ether and sat aq NaHC0 3 . The ether phase was dried (MgS0 4 ), concentrated, and kugelrohr distilled 

25 under vacuum to afford 61 .23 g of pure N-ethyl-N-(1 -methoxy-2, 2-dimethylpropyl)benzamide as an oil, a 96% 
yield. 

Asolution of 1 .3M s-BuLi in cyclohexane (140.6 mL, 182.8 mmol) was added dropwise to a dry-ice/acetone 
cooled solution of N-ethyl-N-(1 -met hoxy-2,2-dimethyl propyl) benzamide (35 g, 140.6 mmol) and TMEDA 
(25.44 mL, 168.6 mmol) in THF (280 mL), maintaining the internal reaction temperature ^-60°C. The yellow 
30 solution was stirred at -78°C for 1h, then was cannulated into a dry-ice/acetone cooled solution of TMSCI 
(26.72 mL, 210.6 mmol) in THF (140 mL) at a rate which maintained the internal reaction temperature ^-55°C. 
The resulting mixture was warmed to 0 °C and partitioned between ether and sat aq NaHC0 3 . The ether sol- 
ution was dried (MgS0 4 ), concentrated, and kugelrohr distilled under vacuum to give 44.8 g of the title com- 
pound as a pale yellow solid, a 99% yield, m.p. 76-78 °C. 

35 

Example 188 

2-[(1,1-Dimethylethyl)methylamino]-N-ethylbenzamide. 

40 70% Perchloric acid (22.5 g, 157 mmol) was added dropwise to an ice-water cooled solution of anthranil 

(9.53 g, 80 mmol) and tertiary butanol (5.93 g, 80 mmol). The resulting mixture was stirred at Rt overnight, 
then was diluted with ether to form a slurry. The solid was collected by filtration and dried under vacuum to 
afford 16.0 g of N-tert butyl anthranilium perchlorate as a white solid. 

N-tert butyl anthranilium perchlorate (15.6 g, 56.6 mmol) was added in portions to a solution of triethyla- 
45 mine (17.2 g, 170 mmol) in CH 2 CI 2 (150 mL). The mixture was stirred at Rt for 1h, then was concentrated to 
a small volume, triturated with ether, and filtered to remove the salts. The filtrate was concentrated and vacuum 
distilled to give 1.8 g of the N-tert butyl b-lactam as a yellow oil. b.p. 89°-90°C at 0.2 Torr. 

This N-tert butyl b-lactam 0.52 g, 3 mmol) was added to a solution of 70% aq EtNH 2 (0.58 g, 9 mmol) and 
CH 2 CI 2 (50 mL). After stirring for 3d at RT the'mixture was concentrated and crystallized from hexanes to afford 
so 0.61 g of N-ethyl 2-(N-tert butylamino)benzamide as a white solid, m.p. 37°-40°C. 

A mixture of this material, potassium carbonate (0.4 g, 2.86 mmol), and methyl iodide (0.45 g, 3.1 5 mmol) 
in DMF (10 mL) was stirred at RT overnight, then was partitioned between ether and water. The ether was 
dried (MgS0 4 ), concentrated, and purified by RC with 3:7 ethyl acetate/hexanes, followed by recrystallization 
from hexan s to afford 100 mg of th titl compound as a whit solid, m.p. 45°-48°C. 

55 
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Example 189 

2-Chloro-6-[(1,1-dimethyl thyl)methylamino]-N- thyl-N- methyl be nzamid . 

5 Asolution of the N-tert-butyl b-lactam (1.1 g, 6.3 mmol) described in the preparation of Example 188, and 

N-ethyl-N-methylamine (1.2 g, 20.8 mmol) in CH2Q2 (50 mL) was stirred at RT overnight. The solvent was 
evaporated and the residue purified by RC with EtOAc/ cyclohexane to give 1.277g of N-ethyl-N-methyl 2-(N- 
tert-butylamino)benzamide as an orange oil, an 86% yield. 

A mixture of N-ethyl-N-methyl 2-(N-tert-butylamino) benzamide (1.89 g, 8.1 mmol), potassium carbonate 

10 (2.2 g, 15.9 mmol), and methyl iodide (2.3 g, 16.2 mmol) in DMF (40 mL) was heated overnight at 40°C, then 
was partitioned between EtOAc and water. The EtOAc was dried (MgS0 4 ), concentrated, and purified by HPLC 
with 1 :4 ethyl acetate/cyclohexane to afford 1 .923 g of N-ethyl-N-methyl 2-(N-methyl-N-tert-butylamino)ben- 
zamide as a yellow oil, a 96% yield. 

A solution of 1.3M s-BuLi in cyclohexane (3.7 mL, 4.8 mmol) was added dropwise to a dry-ice/acetone 

15 cooled solution of TMEDA (0.7 mL, 4.8 mmol) in THF (1 0 mL), followed by the dropwise addition of a solution 
of N-ethyl-N-methyl 2-(N-methyl-N-tert-butylamino)benzamide (1.0 g, 4.0 mmol) in THF (5 mL). The reaction 
mixture was briefly warmed to -30°C, then cooled to -78 °C and stirred for 15 min. A solution of hexachloro- 
ethane (2.8 g, 12.1 mmol) in THF (5 mL) was added. This mixture was stirred for 1 h at-78°C, then was warmed 
to -30°C, diluted with water, and extracted with EtOAc (2X). The combined organic extracts were dried (MgS0 4 ), 

20 concentrated, and purified by HPLC with 1 :4 EtOAc/cyclohexane to give 528 mg of the title compound as a 
yellow oil, a 46% yield. 

Example 190 

25 2-Chloro-6-[(1,1-dimethylethyl)methylamino]-N-ethylbenzamide. 

A solution of 1.3M s-BuLi in cyclohexane (5.7 mL, 7.5 mmol) was added dropwise to a dry-ice/acetone 
cooled solution of TMEDA (0.5 mL, 3.6 mmol) in THF (1 0 mL), followed by the dropwise addition of a solution 
of the compound of Example 188 (0.7 g, 3.0 mmol) in THF (5 mL). The reaction mixture was stirred at-78°C 
30 for 30 min, then hexachloroethane (2.1 g, 9.0 mmol) in THF (5 mL) was added. This mixture was stirred for 
30 min at -78°C, then was warmed to -30°C, diluted with water, and extracted with EtOAc (2X). The combined 
organic extracts were dried (MgS0 4 ), concentrated, and purified by HPLC with 3:17 EtOAc/cyclohexane to give 
495 mg of the title compound as a yellow solid, an 61% yield, m.p. 106°-108°C. 

35 Example 191 

N-Ethyl-2-[(1,1-dimethylethyl)methylamino]-6-methylbenzamide. 

A solution of 1.3M s-BuLi in cyclohexane (9.8 mL, 12.8 mmol) was added dropwise to a dry-ice/acetone 
40 cooled solution of TMEDA (0.6 mL, 3.8 mmol) in THF (1 0 mL), followed by the dropwise addition of a solution 
of the compound of Example 188 (0.75 g, 3.2 mmol) in THF (5 mL). The reaction mixture was stirred at -78°C 
for 30 min, then methyl iodide (2.3 g, 16 mmol) was introduced in a single portion. This mixture was stirred 
for 2.5h at -78°C, then was warmed to -30°C, diluted with water, and extracted with EtOAc (2X). The combined 
organic extracts were dried (MgS0 4 ), concentrated, and purified by HPLC with 1 :4 EtOAc/cyclohexane to give 
45 146 mg of the title compound as a light yellow solid, an 18% yield, m.p. 101-103 °C. 

Example 192 

2-Chloro-6-[(1,1-dimethylethyl)amino]-N-ethylbenzamide. 

50 

A mixture of 2-chloro-6-f luorobenzaldehyde (99.1 g, 625 mmol) and NaN 3 (81.2 g, 1249 mmol) in DMSO 
(900mL) was slowly heated to 75°C for 2h. The reaction temperature was then raised to 100°C and the for- 
mation of the chloroanthranil was monitored to completion over about 3h by 1 H-NMR analysis of the aromatic 
region. The dark solution was partition db tweenwater(2lit rs)andeth r, t hen filtered through celite to break 
55 up the mulsion. The aq layer was xtracted with additional eth r, then the combin d organic extracts wer 
washed with water, dried (MgS0 4 ), concentrated, and kug Irohr distill d to give 81 .65 g of th chloroanthranil 
as a light yellow solid, an 85% yield, m.p. 45°-47°C. 

A mixture of this chloroanthranil (81 .65 g, 532 mmol) and tert-butanol (43.4 g, 586 mmol) was warm d to 
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f feet solution, th n was cool d in an ice-water bath whil 70% perchloric acid was add data rate which main- 
tained th internal reaction temperatur ^35°C. After addition, the cold bath was remov d and th reaction 
mixtur continued to xoth rm for -1h whil a precipitat formed. Aft r 2h th resulting mixture was cooled 
with an ice-water bath and slurried in ether (100 mL). The salts wer collected by filtration, wash d with dry 
5 ether, and dried under vacuum to give 155.91 g of the N-tert-butyl chloroanthranilium perchlorate salt as a pale 
yellow solid, a 95% yield. 

This N-tert-butyl chloroanthranilium perchlorate salt (155.91 g, 503 mmol) was added in portions, via 
Gooch tubing, to an ice-water cooled solution of EfeN (152.7 g, 1509 mmol) in CH 2 CI 2 (1 liter). The resulting 
amber solution was stirred at RT for 30 min, then was concentrated to a small volume, diluted with dry ether 
10 (500 mL), filtered to remove the salts, and concentrated to give 1 01 .11 g of desired b-lactam as a golden oil, 
a 96% yield. 

A solution of this b-lactam (101.11 g, 483 mmol) in ether (100 mL) was added dropwise to an ice-water 
cooled solution of aq 70% EtNH 2 (465 g, 7233 mmol), maintaining the internal reaction temperature ^20°C. 
The resulting mixture was stirred at RT for 30 min, then was diluted with water and extracted with ether (3X). 
15 The combined organic extracts were dried (MgS0 4 ), concentrated to a small volume, then slurried in hexanes 
(1 liter) and filtered to give 111.75 g of the title compound as a white solid, a 91% yield, m.p. 139-140 °C. 

Example 193 

20 2-Chloro-N-ethyl-4-formyl-6-(trimethylsilyl)benzamide. 

A mixture of 2-chloro-4-bromobenzoic acid (5.0 g, 21.2 mmol) and hexamethyldisilazane (5.0 mL, 23.7 
mmol) was heated at 1 35°C for 3h, then was distilled under vacuum to afford 6.32 g of O-trimethylsilyl 2-chloro- 
4-bromobenzoate as a colorless oil, a 97% yield. 

25 A solution of 2.5M n-BuLi in hexanes (3.25 mL, 8.1 3 mmol) was added to a dry-ice/acetone cooled solution 
of 2,2,6,6-tetramethylpiperidine (1 .20 g, 8.5 mmol) in THF (6 mL). This solution was stirred at -78°C for 1 5 min, 
then was cooled to -100°C with ether/liquid N 2 , and a solution of O-trimethylsilyl 2-chloro-4-bromobenzoate 
(2.00 g ? 6.5 mmol) in THF (6 mL) was added slowly dropwise, maintaining the internal reaction temperature 
^-95°C. The resulting reaction mixture was stirred at -100°C for 15 min, then was poured into dilute aq citric 

30 acid and extracted with ether (2X). The combined organic extracts were dried (MgS0 4 ), and concentrated to 
give crude 2-chloro-4-bromo-6-trimethylsilyl benzoic acid as a golden oil. 

The 2-chloro-4-bromo-6-trimethylsilylbenzoic acid was diluted with thionyl chloride (3 mL, 41 .1 mmol) and 
warmed. When gas evolution ceased, the solution was concentrated and stripped from toluene (2X) under va- 
cuum to remove the excess thionyl chloride. The remaining dark oil was dissolved in toluene (12 mL), then 

35 the compound from example k (2.2 g, 19.5 mmol) was added and the mixture was heated at 100°C until the 
reaction was complete by GLC. The resulting mixture was cooled to 0°C, and Et 3 N (1.32 g, 13.0 mmol) was 
added in a single portion, followed by the dropwise addition of methanol (0.62 g, 19.4 mmol) in toluene (1 mL). 
The reaction was warmed to RT and monitored to completion by GLC, then was diluted with ether and extracted 
with sat aq NaHC0 3 , dried (MgS0 4 ), concentrated, and the residue dissolved in hexanes. The hexane solution 

40 was cooled to -78°C and filtered to remove insoluble impurities, then the filtrate was concentrated and purified 
by RC with 1:49 EtOAc/hexanes to give 820 mg of N-ethyl-N-(1-methoxy-2, 2-dimethyl propyl) 2-chloro-4- 
bromo-6-(trimethylsilyl) benzamide as a yellow oil. 

A solution of N-ethyl-N-(1-methoxy-2,2-dimethylpropyl)-2-chloro-4-bromo-6-(trimethylsilyl)-benzamide 
(820 mg, 1.89 mmol) in THF (2 mL) was added dropwise to a dry- ice/acetone cooled solution of 2.5M n-BuLi 

45 in hexanes (1 mL, 2.5 mmol) in THF (2 mL). The resulting red solution was stirred at -78°C for 15 min, then 
DMF (500 mL, 6.5 mmol) was added in a single portion. After 5 min, the reaction was poured into sat aq IMaH- 
C0 3 and extracted with ether (2X). The combined organic extracts were dried (MgS0 4 ) and concentrated, then 
a solution of this protected amide in acetone (5 mL) was charged with 6N HCI and stirred overnight at RT. The 
resulting mixture was poured into sat aq NaHC0 3 and extracted with ether (2X), then the combined organic 

so extracts were dried (MgS0 4 ), concentrated, and purified by RC with 3:7 EtOAc/hexanes to give 220 mg of the 
title compound as a white solid, a 40% yield, m.p. 95-97 °C. 

Example 194 

55 2-[(1,1-Dimethylethyl)sulfinyl]-N-ethyl-6-fluorobenzamid . 

A mixtur of 2-methyl-2-propanethiol (2.7 g, 30 mmol), the compound of example g (3.1 7 g, 15 mmol), and 
NaH (0.79 g, 33 mmol) in THF (1 00 mL) was stirred at RT for 1d, then at reflux for 1d. This was then quench d 
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with sat aq NaHC0 3 (50 mL) and extracted with EtOAc (3 X 50 mL). The combined organic xtracts were dri d 
(MgS0 4 ), concentrat d, and purified by HPLC with 1:4 EtOAc/hexan s to afford 3.5 g of 2-[2-fluoro-6-(1,1- 
dimethyi thylthio) phenyl]-4,4-dimethyl-2-oxazolin as a y How oil, an 83% yield. 

Following th procedure of example 6, 2-[2-fluoro-6- (1,1 -dimethyl thylthio)phenyl]-4,4-dlmethyl-2- xazo- 
5 line (3.5 g, 12.5 mmol) was converted to N-ethyl-2-f luoro-6-(1 ,1-dimethylethylthio)benzamide as a white solid. 
m.p 107-109°C. 

A0°C solution of N-ethyl-2-fluoro-6-(1,1-dimethylethylthio) benzamide (3.45 g, 13.51 mmol) in methanol 
(100mL) was combined with a 0°C solution of OXONE® (8.31 g, 13.51 mmol) in water (100 mL). This mixture 
was stirred for 2 min, then was poured into 25% aq sodium metabisulfite (100 mL) and extracted with ether 
10 (3 X 100 mL). The combined organics were washed with brine followed with water, then was dried (MgS0 4 ), 
concentrated, and recrystallized from ethyl acetatehexanes to afford 2.2 g of the title compound as a white 
solid, a 60% yield, m.p. 114-116 °C. 

Example 195 

15 

N,N-Diethyl 2-[(1,1-dimethylethyl)sulfinyl]-6-fluoro-benzamide. 

The title compound was prepared in an analogous procedure to Example 194, and purified by RC with 1 :1 
ethyl acetate/hexanes to give a green oil. 

20 

Example 196 

N-(1-Methylethyl)-2-[(1.1-dimethylethyl)sulfinyl]-6-fluorobenzamide. 

25 The title compound was prepared in an analogous procedure to Example 194, and purified by recrystall- 
ization from ether/hexanes to give a white solid, m.p. 120-135 °C. 

Example 197 

30 N-(2-Chloroethyl)-2-fluoro-6-(2-methylphenyl)benzamide. 

A2.5M solution of n-BuLi in cyclohexane (6.4 mL, 16 mmol) was added dropwise to an ether/liquid N 2 
cooled solution of 2-bromotoluene (2.74 g, 16 mmol) in THF (100 mL), maintaining the internal reaction tem- 
perature ^-85°C. The resulting solution was cannulated into an ether/liquid N 2 cooled solution of the compound 

35 of example j (2.93 g, 16 mmol) in THF (25 mL). The resulting mixture was warmed to -60°C and poured to sat 
aq NaHC0 3 , then was extracted with ether (3 X 100 mL). The combined organic extracts were washed with 
water (2 X 25 mL), dried (MgS0 4 ), concentrated, then purified by HPLC with 3:7 EtOAc/hexanes to afford 3.2 
g of 2-[2-fluoro-6-(2-methylphenyl)]-2-oxazoline as a white solid, a 78% yield, m.p. 65-68°C. 

Excess HCI gas was bubbled into a solution of 2-[2-fluoro-6-(2-methylphenyl)}-2-oxazoline (3.2 g, 12.5 

40 mmol) in ether (50 mL). The resulting mixture was allowed to stir overnight, then was crystallized by the ad- 
dition of hexanes to afford 2.4 g of the title compound as a white solid, a 51% yield, m.p. 78-81°C. 

Example 198 

45 N-(2-Chloroethyl)-2-[(1,1-dimethylethyl)sulfinyl]-6-fluorobenzamide. 

LiH (0.12 g, 16 mmol) was carefully added to a solution of 1,1-dimethylethanethiol (1.44 g, 16 mmol) in 
THF (100ml). When gas evolution ceased, the compound of example j (2.93 g, 16 mmol) was added in a single 
portion. The mixture refluxed overnight, then was cooled and partitioned between ether and sat aq NaHC0 3 . 
so The ether was dried(MgS0 4 ) and concentrated, then was dissolved in ether and excess HCI gas added. The 
resulting mixture was allowed to stir overnight, then was crystallized by the addition of hexanes to afford 2.2 
g of N-(2-chloroethyl)-2-fluoro-6-(1,1-dimethylethylthio)benzamide as a white solid, a 47% yield. 

AO °C solution of N-(2-chloroethyl)-2-fluoro-6-(1,1-dimethylethylthio)benzamide (2.0 g, 7.0 mmol) in me- 
thanol (50 mL) was combin d with a 0°C solution of OXONE® (4.24 g, 7.0 mmol) in water (50 mL). This mixture 
55 was stirred for 2 min, then was pour d into 25% aq sodium metabisulfit (100 mL) and extract d with ether 
(3 X 100 mL). The combined organics were washed with brine follow d with water, then were dri d (MgS0 4 ), 
concentrated, and purif i d by HPLC with 7:3 thyl acetate/hexanes to afford 2.1 g of the titl compound as a 
white solid, a 98% yield, m.p. 80-90°C. 
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Exampl 199 

N-(2-Chloroethyl)-2-fluoio-6-(1-m thylcyclobutyl)-benzamid . 

5 An 0.2M solution of lithium 4,4'-(di-t- butyl) biphenyl (50 mL, 10 mmol) was added to a dry ice/acetone 

cooled solution of 1-chloro-1-methylcyclobutane (1.04 g, 10 mmol) in THF (25 mL), maintaining the internal 
reaction temperature m -55°C. The resulting mixture was stirred at -78°C for 30 min, then the compound of 
example j (1 .65 g, 9 mmol) was added in a single portion. After 1 h at -78°C, the reaction was poured into sat 
aq NaHC0 3 (50 mL) and extracted with ether (3 X 50 mL). The combined organics were washed with water, 

10 dried (MgS0 4 ), concentrated, and purified by RC to afford 0.8 g of 2-[2-fluoro-6-(1-methylcyclobutyl)]-2-oxa- 
zoline as a colorless oil, a 34% yield. Excess HCI gas was bubbled into a solution of this oxazoline in ether. 
The resulting mixture was allowed to stir overnight, then was crystallized by the addition of hexanes to afford 
0.5 g of N-(2-chloroethyl)-2-fluoro-6-(1-methyicyclobutyl)benzamide as a white solid, a 62% yield, m.p. 108- 
110°C. 

1$ 

Example 200 

3,6-Dichloro-N-ethyl-2-(trimethylsilyl)benzamide. 

20 2,5-Dichlorobenzoyl chloride (51 mmol) and 70% aq EtNH 2 (130 mmol) were combined according to Gen- 

eral Method E1 to afford 9.4 g of N-ethyl-2,5-dichlorobenzamide as a beige solid, an 85% yield. 

Asolution of 1 .5M LDAin THF (1 3 mL, 19.5 mmol) was added dropwise to an ether/liquid N 2 cooled solution 
of N-ethyl 2,5-dichlorobenzamide (2.0 g, 9.2 mmol) and TMSCI (1 .5 mL, 11 .5 mmol) in THF (50 mL), maintaining 
the internal reaction temperature ^ -80°C. The resulting reaction mixture was stirred at -100°C for 30 min, 

25 then was partitioned between ether and sat aq NaHC0 3 . The ether solution was dried (MgS0 4 ), concentrated, 
and crystallized from EtOAc/hexanes to afford 1.15 g of the title compound as a white solid, m.p. 150-153°C. 

Example 201 

30 2-Chloro-N-ethyl-N-(1-methoxy-2,2-dimethylpropyl)-6-(trimethylsilyl) benzamide. 

A solution of the compound of Example k (3.55 g, 31.4 mmol) in CH 2 CI 2 (10 mL) was added dropwise to 
an ice-water cooled solution of 2-chlorobenzoyl chloride (5.0 g, 28.6 mmol) in CH 2 CI 2 (20 mL). The reaction 
was warmed to RT and exothermed for 10-15 min. The resulting solution was cooled with an ice-water bath 

35 and E^N (3.0 g, 29.6 mmol) was syringed in, followed by the dropwise addition of MeOH (1 .83 g, 57.2 mmol). 
The reaction was allowed to warm to RT and monitored to completion by GLC, then was diluted with ether 
and extracted with sat aq NaHC0 3 , dried (MgSQ 4 ), concentrated, and kugelrohr distilled under vacuum to afford 
7.54 g of N-ethyl-N-(1-methoxy-2,2-dimethylpropyl)-2-chlorobenzamide as a colorless oil, a 93% yield. 
A solution of 1.3M s-BuLi in cyclohexane (3.53 mL, 4.59 mmol) was added to a dry ice/acetone cooled 

40 solution of TMEDA (639 mL, 4.23 mmol) and N-ethyl-N-(1-methoxy-2,2-dimethylpropyl)-2-chlorobenzamide 
(1 .0 g, 3.53 mmol) in THF (7 mL). The resulting mixture was stirred at -78°C for 45 min, then TMSCI (671 mL, 
5.29 mmol) was added in a single portion. The reaction was allowed to warm to 0°C, and partitioned between 
ether and 10% HCI. The ether solution was then extracted with sat aq NaHC0 3 , dried (MgS0 4 ), and purified 
by RC with 1:49 EtOAc/hexanes to afford 750 mg of the title compound as a white solid, a 60% yield, m.p. 82- 

45 83 °C. 

Example 202 

2-Chloro-6-(ethenylmethylphenylsilyl)-N-ethylbenzamide. 

50 

A 1.3M solution of s-BuLi in cyclohexane (10.5 mL, 13.6 mmol) was added to a dry ice/acetone cooled 
solution of TMEDA (1 mL, 6.5 mmol) in THF (10 mL), followed by the dropwise addition of the compound of 
example f (1.0 g, 5.45 mmol) in THF (10 mL). Phenyl methyl vinyl chlorosilane (1.5 g, 8.2 mmol) was added 
after 30 min, and the mixture was stirr d at -78°C for 2 h. This was pour d into 25% aq citric acid and partitioned 
55 between EtOAc and water. Th EtOAc was dri d (MgS0 4 ), concentrated, and purtfi d by HPLC with 1:19 
EtOAc/cyclohexan to afford 0.56 g of a white solid which was r crystalliz d from EtOAc/petroleum ether at 
low temperature to give 0.194 g of titl compound, an 11% yield, m.p. 85-87°C. 
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Example 203 

2,3-Dichloro-N- thyl-6-(trimethylsilyl)b nzamid . 

5 2 l 3-Dichloro-6-(trimethylsilyl)benzoic acid was prepared from 2,3-dichlorobenzoic acid according to the 

procedure of example a in 45% yield as 3.07 g of a white solid, m.p. 117-119°C. 

This acid was converted to the acid chloride by the procedure of example b. The acid chloride was reacted 
with aq ethylamine using General Method E1 to afford the title compound. Purification by recrystall ization from 
hexanes gave 0.42 g of the title compound as white crystals in 58% yield, m.p. 96-98°C. 

10 

Example 204 

2,3-Dichloro-N-(2-propenyloxy)-6-(trimethylsilyl)-benzamide. 

15 The acid prepared in Example 203 was converted to the acid chloride by the procedure of example b. The 
acid chloride was reacted with aq O-allylhydroxylamine using General Method E1 to afford the title compound. 
Purification by recrystall ization from ether/hexanes gave 0.68 g of the title compound as a white solid in 86% 
yield, m.p. 92-94°C. 

20 Example 205 

2,3-Dichloro-6-(trimethylsilyl)benzoic acid, 2,2-dimethylhydrazide. 

The acid prepared in Example 203 was converted to the acid chloride by the procedure of example b. The 
25 acid chloride was reacted with 1,1-dimethyl hydrazine using General Method E1 to afford the title compound. 
Purification by recrystall ization from ether/hexanes gave 0.62 g of the title compound as off-white crystals in 
81% yield, m.p. 144-145 Q C. 

Example 206 

30 

2-Bromo-N-2-propynyl-6-(trimethylsilyl)benzamide. 

The compound of Example d was reacted with propargylamine (3 eq) according to General Method E1 
and the crude product was recrystallized from hexanes to afford 0.55 g of the title compound as off-white nee- 
35 dies in 81% yield, m.p. 120-121°C. 

Example 207 

N-Ethyl-2-iodo-6-(trimethylsilyl)benzamtde. 

40 

Amixture of the 2-iodobenzoic acid, hexamethyldisilazane (0.55-0.60 eq) and TMSCI (5 drops) was heated 
at 135°C for 2-4 h. The reaction mixture was distilled under vacuum to afford the trimethylsilyl ester of 2-io- 
dobenzoic acid in 95% yield. 

To a solution of 2,2,6,6-tetramethylpiperidine (1.1 eq) in THF at -78°C was added a 1.6 M BuLi solution in 
45 hexanes (1.1 eq) dropwise. The reaction solution was put in an ice bath (0° C) for 1 h and cooled to -78°C. 
The trimethylsilyl benzoate prepared above was added dropwise and stirred at -78°C for 10-90 min. The re- 
action was quenched with sat aq citric acid and extracted with ether. The ether layers were extracted with 0.5 
N NaOH and the basic aq layer was acidified with 2 N HCI and extracted with ether. The combined organic 
extracts were washed with brine, dried (MgS0 4 ) and concentrated to afford crude 2-iodo-6-(trimethylsilyl) ben- 
so zoic acid. The crude product was purified by recrystallization from hexanes to afford 3.62 g of white needles 
in 75% yield, m.p. 126-133°C. 

This acid was converted to the acid chloride by the procedure of example b. The acid chloride was reacted 
with 70% aq ethylamine using General Method E1 to afford the title compound. Purification by recrystallization 
from hexanes gave 0.48 g of th title compound as white crystals in 88% yield, m.p. 135-137 °C. 

55 
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Example 208 

2-lodo-N-2-propynyl-6-(trimethylsi!yl)b nzamid . 

5 The acid chloride prepared in Example 207 was reacted with propargyl amine (3 eq) using General Method 

E1 to afford the title compound. Purification by recrystallization from hexanes gave 0.48 g of the title com- 
pound as an off-white solid in 85% yield, m.p. 109-111 °C. 

Example 209 

10 

N-Cyclopropyl-2-iodo-6-(trimethylsilyl)benzamide. 

The acid chloride prepared in Example 207 was reacted with cyclopropyl amine (3 eq) using General Meth- 
od E1 to afford the title compound. Purification by recrystallization from hexanes gave 0.49 g of the title com- 
15 pound as white needles in 87% yield, m.p. 162-164°C. 

Example 210 

2-[(Bromomethyl)dimethylsilyi]-6-chloro-N-ethyl-benzamide. 

20 

To a solution of the compound of example 45 (1 .28 g, 5 mmol) in THF (30 mL) at -78°C was added a 1 .7 
M solution of t-BuLi in pentane (6.5 mL, 11 mmol, 2.2 eq) such that the temperature was less than -70°C. The 
reaction was stirred at -78°C for 1.5 h and ethylene dibromide (0.52 mL, 6.0 mmol, 1.2 eq) was added. The 
reaction was stirred for 15 min at-78°C and worked up in the usual manner. The crude product was purified 
25 by RC and recrystallized from aq methanol to afford the title compound as white needles (0.30 g, 18%). m.p. 
98-99°C. 

Example 211 

30 [2-Chloro-6-(trimethylsilyl)benzoyl]ethyicarbamic acid, 1 ,1-dimethylethyl ester. 

Toa solution of the compound of example 45 (3.83 g, 15 mmol) and di-t-butyl carbonate (3.60g, 16.5 mmol) 
in acetonitrile was added 4-dimethylaminopyridine (0.18 g, 1 .5 mmol). The solution was stirred at RT for 1 day, 
additional di-t-butyl carbonate (3.60 g) was added and stirring was continued for 3 days. Additional di-t-butyl 
35 carbonate (3.60 g) was added and the reaction was stirred overnight and concentrated. The residue was diluted 
with ether, washed with sat citric acid, sat NaHC0 3 , brine, dried (MgS0 4 ) and concentrated to afford the title 
compound. The crude product was purified by flash chromatography (ethyl acetate /hexanes) and recrystall- 
ization from hexanes (-78°C) to afford the title compound as a white solid (2.65 g, 50%). m.p. 51-52 °C. 

40 Example 212 

2-Chloro-N-ethyl-6-(ethyldimethylsilyl)benzamide. 

To a solution of the compound of example 45 (1 .28 g, 5 mmol) and TMEDA (0.91 mL, 6.0 mmol, 1.2 eq) 
45 in THF at -78°C was added a 1.7 M solution of t-BuLi in pentane (7.1 mL, 12 mmol, 2.4 eq) such that the tem- 
perature was less than -70°C. The reaction was stirred at -78 Q C for 2 h and methyl iodide (0.44 mL, 7.0 mmol, 
1 .4 eq) was added. The reaction was stirred for 15 min at -78°C and worked up in the usual manner. The crude 
product was recrystallized from aq methanol and then from hexanes to afford the title compound as white crys- 
tals (0.62 g, 46%). m.p. 94-95°C. 

50 

Example 213 

5-Chloro-N-ethyl-2-(trimethylsilyl)benzamide. 

55 2-Bromo-5-chlorobenzoic acid was convert dtoth acid chloride by the procedure of xampl b. The acid 

chloride was reacted with 70% aq ethylamine using General M thod E1 to afford the amide. Purification by 
recrystallization from methylcyclohexane/ethyl acetate gav 4.69 g of 2-bromo-5-chloro-N-ethylbenzamide as 
a whit solid in 75% yield, m.p. 98-99°C. 
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To a solution of this amide (1 .05 g, 4.0 mmol) in THF (20 mL) at -78°C was added a 1.6 M solution f n- 
BuLiinhexan s (5.5 mL, 8.8 mmol, 2.2 eq)dropwis such that the temp nature was less than -70°C.Th y How 
solution was stirred at -78°C for 30 min and TMSCI (0.61 mL, 4.8 mmol, 1 .2 q) was add d dropwise. Th sol- 
ution was stirred at -78°C for 45 min and worked up in th usual manner. Th crude product was purrfi d by 
5 RC (ethyl acetate/hexanes) and recrystailization from hexanes to afford the title compound as white needles 
(0.27 g, 26%). m.p. 104-105°C. 

Example 214 

10 N-Ethyl-5-n'rtro-2-(trimethylsilyl)benzamide. 

To a solution of the amide of example 49 (1 .10 g, 5 mmol) in CH 2 CI 2 (50 mL) at 0°C was added dropwise 
over 2 min, a cold mixture of 70% nitric acid (0.95 mL, 1 5 mmol) and concentrated sulfuric acid (5 mL) dropwise. 
The mixture was stirred at 0°C for 10 min and was poured onto ice. The mixture was extracted with ethyl acet- 
15 ate, the combined organic layers washed with brine, sat NaHC0 3 , brine, dried (MgS0 4 ) and concentrated to 
a solid (2.68 g, 1 01%) consisting of a 2:1 ratio of 5-nitro and 3-nitro isomers. The title compound was obtained 
by RC (ethyl acetate/hexanes) in 60% yield as a white solid, m.p. 100-102°C. 

Example 215 

20 

6-Chloro-N-ethyl-3-nitro-2-(trimethylsilyl)benzamide. 

To a solution of the amide of example 45 (1 .28 g, 5 mmol) in CH 2 CI 2 (20 mL) at 0°C was added dropwise 
a cold mixture of 70% nitric acid (0.64 mL, 1 0 mmol) and concentrated sulfuric acid (5 mL) dropwise. The mixture 
25 was stirred at 0°C for 10 min and was poured onto ice. The mixture was extracted with ether, the combined 
organic layers washed with sat NaHC0 3 , brine, dried (MgS0 4 ) and concentrated to a solid (1 .52 g, 101%). The 
title compound was obtained by recrystailization from ethyl acetate/hexanes in 83% yield as a white solid, m.p. 
147-149°C. 

30 Example 216 

2- Chloro-N-ethyl-3-nitro-6-(trimethylsilyl)benzamide. 

The mother liquors from Example 215 were purified by RC (ethyl acetate/hexanes) to give 0.11 g of the 
35 title compound in 7% yield as a white solid. Recrystailization from ethyl acetate/hexanes afforded pure title 
compound, m.p. 126-127°C. 

Example 217 

40 5-Amino-N-ethyl-2-(trimethylsilyl)benzamide. 

Asolution of the crude amide of Example 214 (2.67 g, 10 mmol) in ethanol (50 mL) with 10% palladium/car- 
bon (0.3 g) was hydrogenated at 50 psi for 3 h. The catalyst was filtered off through Celite and the solution 
concentrated. The crude product was purified by RC (ethyl acetate/hexanes) and recrystallized from ethyl acet- 
45 ate/hexanes to afford the title compound as a white solid (0.64 g, 27%). m.p. 143-145°C. 

Example 218 

3- Chloro-N-ethyl-2-fluoro-6-(trimethylsilyl)benzamide. 

50 

The trimethyisilyl ester of 3-chloro-2-fluorobenzoic acid (11.66 g) was prepared in 84% yield using the 
method described in Example 207. This ester (2.47 g) was converted to 0.45 g of 3-chloro-2-fluoro-6- 
(trimethylsilyl) benzoic acid in 18% yield using the method of Example 207. The crude product was converted 
to the acid chloride by the proc dur of xample b. The acid chloride was react d with 70% aq thylamine 
55 using General Method E1 to afford the title compound. Purification by flash chromatography (ethyl acet- 
ate/ hexanes) follow dbyr crystallization from pentane gave 84 mg of th titl compound as an off-white solid 
(18%). m.p. 96-97°C. 
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Example 219 

2- Chloro-N-ethyi-3-m thoxy-6-(tfmethylsilyi)benzamid . 

5 2-Bromo-5-methoxybenzoic acid was converted to the acid chloride by the procedure of example b. The 

acid chloride was reacted with 70% aq ethylamine using General Method E1 to afford 24.44 g of 2-chloro-N- 
ethyt-3 -methoxybenzamide In 95% yield. 

This amide (2.58 g, 10 mmol) was dissolved in concentrated sulfuric acid (5 mL) and N-chloro-succinimide 
(1.47 g, 11 mmol) was added portion-wise over 15 min. The mixture was stirred for 2 h and was poured into 

10 ice water. The mixture was extracted with ethyl acetate, washed with 1.25 N NaOH, sat sodium sulfite, brine, 
dried (MgS0 4 ) and concentrated to afford a white solid. The crude product was purified by recrystallization 
from ethyl acetate/hexanes to afford 6-bromo-2-chloro-N-ethyl-3-methoxybenzamide as white needles (1.92 
g,66%). m.p. 181-1 82°C. 

To a solution of this amide (0.58 g, 2.0 mmol) in THF (20 mL) at -78°C was added a solution of 1 .6 M n- 
15 BuLi in hexanes (2.8 mL, 4.4 mmol). The reaction was stirred for 1 h at -78°C, allowed to warm to -30°C and 
cooled to -78°C. TMSCI (0.30 mL, 2.4 mmol) was added, the reaction mixture allowed to warm to -30°C and 
worked up in the usual manner. The crude product was purified by RC (ethyl acetate/hexanes) and recrystal- 
lized from hexanes to afford the title compound as an off-white solid (45 mg, 4%). m.p. 136-137°C. 

20 Example 220 

3- Bromo-2-chloro-N-ethyl-6-(trimethylsilyl)benzamide. 

To a solution of the compound of Example 201 (0.79 g, 2.2 mmol) and TMEDA(0.44 mL, 2.9 mmol) in THF 
25 (20 mL) at -78 °C was added a solution of 0.86 M s-BuLi in cyclohexane (3.3 mL, 2.9 mmol). The reaction was 
stirred at -78 °C for 30 min and 1,2-dibromoethane (0.26 mL, 3.0 mmol) was added. The reaction was stirred 
for 15 min at -78 °C and was quenched with sat NaHC0 3 . The mixture was extracted with ether, washed with 
brine, dried (MgS0 4 ) and concentrated to afford a yellow oil. This oil was dissolved in a mixture of acetone 
(30 mL) and 6 N HCI (15 mL) and was stirred overnight. The mixture was concentrated, extracted with ether, 
30 the organic layers washed with brine, dried (MgSQ 4 ) and concentrated to afford the title compound as a clear 
oil. The crude product was purified by RC (ethyl acetate/hexanes) and was recrystallized from pentane (-78°C) 
to afford 76 mg of a white solid (10% yield), m.p. 105-106°C. 

Example 221 

35 

N-Ethyl-2-phenyl-6-(trimethylsilyl)benzamide. 

2-Phenyl benzoic acid was converted to the acid chloride by the procedure of example b. The acid chloride 
was reacted with 70% aq ethylamine using General Method E1 to afford 1 0.59 g of N-ethyl-2-phenylbenzamide 
40 in 94% yield, m.p. 77-79°C. 

This amide (2.25 g, 10 mmol) and TMEDA (1.2 eq) in THF were mixed and cooled to -78°C and a 1.3 M 
s-BuLi solution in cyclohexane (2.2 eq) was added dropwise. The resulting reaction mixture was stirred at - 
78°C for 30 min and TMSCI (1.2 eq) was added dropwise. The reaction was stirred at -78°C for 30 min and 
allowed to warm to -30°C. The reaction was worked up in the usual manner. The crude product was purified 
45 by flash chromatography and recrystallization from hexanes to afford the title compound as a white solid (1.15 
g, 39%). m.p. 159-160 °C. 

Example 222 

so 5-(Dimethylamino)-N-ethyl-N-(1-methoxy-2,2-dimethylpropyl)-2-(trimethylsilyl)benzamide. 

A solution of the compound of Example 201 (0.72 g, 2.0 mmol) and TMEDA (1.20 mL, 8.0 mmol) in THF 
(30 mL) at -78°C was treated with a solution of 1 .7 M t-BuLi in pentane (5.6 mL, 9.6 mmol) and allowed to slowly 
warm to -20°C over4 h. The reaction was qu nched with 1 ,2-dibromoethane (0.86 mL, 10 mmol), was diluted 
55 with sat NaHC0 3 , extracted with ether, the organic layers washed with brine, dried (MgS0 4 ) and concentrated 
to afford th title compound. Th crude product was purified by RC ( thyl acetate/hexanes) and r crystalli- 
zation from pentane (-78 °C) to afford the titl compound as a white solid (0.14 g, 20%). m.p. 96-98 °C. 



47 



EP0 538 231 A1 



Example 223 

2-Chloro-N-ethyl-3-fbrmyl-6-(trim thylsily!)b nzamide. 

5 The method of Example 230 was followed, substituting DMF (2 eq) for Mel to afford the title compound. 

The crude product was purified by recrystallization from ethyl acetate/hexanes to afford 1 .1 6 g of the title com- 
pound as white needles in 82% yield, m.p. 140-142 °C. 

Example 224 

10 

2-Chloro-3-(difluoromethyl)-N-ethyl-6-(trimethylsilyl)-benzamide. 

A solution of the compound of Example 223 (0.26 g, 0.92 mmol) in CH 2 CI 2 (10 mL) at 0°C was treated with 
DAST (0.12 mL, 0.92 mmol) and kept for 22 h. The reaction was poured into water, extracted with ether, the 
. 15 organic layers washed with sat NaHC0 3 , brine, dried (MgS0 4 ) and concentrated to afford the title compound. 
The crude product was purified by recrystallization from hexanes to afford 0.20 g of the title compound (70%) 
as off-white crystals, m.p. 120-121°C. 

Example 225 

20 

N-Ethyl-5-(trifluoromethyl)-2-(trimethylsilyl)benzamide. 

3-Trif luoromethylbenzoic acid was converted to the acid chloride by the procedure of example b. The acid 
chloride was reacted with 70% aq ethylamine using General Method E1 to afford the title compound. Purifi- 
25 cation by recrystallization from hexanes gave 2.24 g of N-ethyl-3-(trifluoromethyl)benzamide as a white nee- 
dles in 19% yield, m.p. 98-99°C. 

This amide was reacted with TMSCI (1.3 eq) as in Example 221 to afford the title compound. The crude 
product was purified by RC (ethyl acetate/hexanes) and recrystallization from pentane (-78°C) to afford 0.14 
g (5%) of the title compound as a white solid, m.p. 101-102 °C. 

30 

Example 226 

5-(Dimethylamino)-N-ethyl-2-(trimethylsilyl)benzamide. 

35 The compound of Example 222 (0.31 g, 0.85 mmol) was dissolved in CH 2 CI 2 (20 mL) and was treated with 

iodotrimethylsilane (2.1 mL, 1 5 mmol) in a foil-covered flask. The reaction was stirred for 2 h and was quenched 
with sat NaHC0 3 . The mixture was extracted with ether, the organic layers were washed with brine and sat 
sodium bisulfite, dried (MgS0 4 ) and concentrated to afford the title compound. The crude product was purified 
by RC (ethyl acetate/hexanes) and recrystallized from hexanes to afford 68 mg (5%) of the title compound as 

40 a white solid, m.p. 141-143°C. 

Example 227 

2-Chloro-N-ethyl-3-(hydroxymethyl)-6-(trimethylsilyl)-benzamide. 

45 

To a solution of sodium borohydride (50 mg, 1.2 mmol) in ethanol (20 mL) was added the compound of 
Example 222 (0.62 g, 2.2 mmol). The mixture was stirred 45 min, was diluted with water and treated with po- 
tassium dihydrogenphosphate. The mixture was extracted with ethyl acetate, the organic layers washed with 
brine, dried (MgS0 4 ) and concentrated to afford the title compound. The crude product was purified by re- 
50 crystallization from ethyl acetate/hexanes to afford white crystals (0.51 g, 82%). m.p. 244-245°C. 

Example 228 

2-Chloro-N-ethyl-3-(fluoromethyl)-6-(trimethylsHyl)-b nzamide. 

55 

A solution of the compound of Exampl 227 (0.29 g, 1 .0 mmol) in CH 2 CI 2 (20 mL) was treated with DAST 
(0.26 mL, 2.0 mmol) and stirred for 1 h. The reaction was poured into water, xtracted with ether, the organic 
lay rs washed with brine, dried (MgS0 4 ) and cone ntrated to afford th titl compound. The crud product 
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was purified by RC (ethyl acetate/hexanes) and r crystallization from hexanes to afford 0.20 g of the title com- 
pound (71%) as whit crystals. m.p. 104-105°C. 

Example 229 

5 

2-Chloro-3-cyano-N-ethyl-6-(trimethylsilyl)benzamide. 

A solution of the compound of Example 223 (0.28 g, 1.0 mmol) and hydroxylamine hydrochloride (0.12 g, 
1.7 mmol) in pyridine (10 mL) was stirred at RT for 2 h. Acetic anhydride (0.75 mL, 8.0 mmol) was added and 
10 the solution was heated at 100°C for 1.5 h. The mixture was concentrated, water added and the mixture ex- 
tracted with ether. The organic layers were washed with 0.5 N HCI, sat NaHC0 3i brine, dried (MgS0 4 ) and 
concentrated to afford the title compound. The crude product was purified by recrystallization from ethyl acet- 
ate/hexanes to afford 0.21 g of white needles (74%). m.p. 111-112°C. 

15 Example 230 

2-Chloro-N-ethyl-3-methyl-6-(trimethylsilyl)benzamide. 

A solution of the compound of Example 201 and TMEDA (1 eq) in THF/ether (1:1) at -100°C was treated 
20 dropwise with a solution of 1.3 M s-BuLi in cyclohexane in hexanes (2.0 - 2.2 eq) such that the temperature 
was less than -95°C. The reaction was stirred at -100°C for 30 min, Mel (2.2 eq) was added and the reaction 
was allowed to warm to -30°C. The reaction was worked up in the usual manner. 

The crude product was hydrolyzed to the Nethylbenzamide by dissolution in dioxane (7.5 mL/mmol) and 
addition of cone HCI (2.5 mL/mmol). The mixture was stirred at RT for 1 .5 h and brine was added. The mixture 
25 was extracted with ether, the organic extracts washed with sat NaHC0 3 , brine, dried (MgS0 4 ) and concen- 
trated. The crude product was purified by recrystallization from hexanes followed by recrystallization from aq 
methanol (2 times) to afford 0.18 g of the title compound as white needles in 27% yield, m.p. 120-122°C. 

Example 231 

30 

2- Chloro-N-ethyl-3-(methylthio)-6-(trimethylsilyl)-benzamide. 

The method of Example 230 was followed, substituting methyl met hanethiol sulfonate (2.2 eq) for methyl 
iodide to afford the title compound. The crude product was purified by recrystallization from ethyl acetate/hex- 
35 anes to afford 1.12 g of the title compound as white needles in 74% yield, m.p. 137-139°C. 

Example 232 

3- Bromo-6-chloro-N-ethyl-2-(trimethylsilyl)benzamide. 

40 

2-Chloro-5-bromobenzoic acid (20 g, 0.08 mol) in CH 2 CI 2 (50 mL) was treated with oxalyl chloride (30 mL, 
0.34 mol) and DMF (catalytic) for 2 h at RT. The reaction mixture was concentrated under vacuum to give the 
acid chloride. The acid chloride was reacted with ethyl amine as described in Method E2 to give 2-chloro-5- 
bromo-N-ethylbenzamide. 

45 LDA was formed by adding 2.5 M n-BuLi (1 .7 mL, 0.004 mol) to diisopropylamine (0.6 mL, 0.004 mol) in 

10 mL THF at -78 °C. The mixture was warmed briefly to 0 °C then cooled to -78 °C. A solution of the above 
compound in THF (5 mL) was added. After 0.5 h at -78 °C, TMSCI (0.31 mL, 0.0024 mol) was added. The re- 
action mixture was warmed to -40°C and poured into aq NaHC0 3 and extracted with ether. The ether extract 
was washed with water and brine, dried (MgS0 4 ) and concentrated. The crude product was purified by flash 

so chromatography (0 - 15% ethyl acetate/hexanes) to give the title compound as a white solid (0.2 g) in 32% 
yield, m.p. 155-157 °C. 

Example 233 

55 3-Amino-6-chloro-N-ethyl-2-(trimethylsilyl)benzamide. 

Amixture of the compound f Example 215 (6.85 g, 0.023 mol) and Pt0 2 (catalytic) in ethanol was placed 
on the Parr Hydrogenator for 16 h. Th reaction mixture was filter d through celite and concentrated. The re- 
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suiting solid was dissolved in CH 2 CI 2 and filtered through silica gel three times. The filtrate was concentrat d 
togiv th title compound as a yellow solid in 13% yield, m.p. 147-149 °C. 

Example 234 

5 

2,4-Dichloro-N-ethyl-6-(trimethylsilyl)benzamide. 

The 2,4-dichloro-N-ethyl benzamide (5.8 g, 0.027 mol) was prepared in 92% yield from 2,4-dichlorobenzoyl 
chloride (4 ml, 0.03 mol) and ethyl amine (70 wt % in H 2 0) using Method E2. 
10 1.5 M LDA in THF was added dropwise to a solution of the above amide (2 g, 0.01 mol) and TMSCI (1 .5 

ml, 0.011 mol) in THF, cooled to -100 °C under nitrogen. After 30 min the reaction mixture was poured into 
dilute aq NaHC0 3 and extracted with ether. The ether extract was washed with water and brine, dried (MgS0 4 ) 
and concentrated. The crude product was filtered through silica gel with a gradient elution of ethyl acetate/ hex- 
anes and concentrated to give the title compound as a white solid in 19% yield, m.p. 101-103 °C. 

15 

Example 235 

2-Chloro-4-(1 ,1-dimethyiethyl)-N-ethyl-6-(trimethylsilyl) benzamide. 

20 4-t-Butyl-N-ethylbenzamkJe (9 g, 0.044 mol) was prepared in 97% yield from 4-t-butylbenzoyl chloride (9 

ml, 0.045 mol) and ethyl amine (70 wt % in water) using Method E2. 

1.3 M s-BuLi in cyclohexane (41 mL, 0.053 mol) was added dropwise to a solution of the above amide'(5 
g, 0.024 mol) and TMEDA (4 ml, 0.027 mol) in THF, cooled to -78°C under nitrogen. After 30 min a solution of 
hexachloroethane (6.4 g, 0.027 mol) in THF was added. After 0.5 h at -78°C the reaction mixture was warmed 

25 to -30°C and poured into dilute aq NaHC0 3 and extracted with ether. The ether extract was washed with water 
and brine, dried (MgSQ 4 ) and concentrated. The resulting solid was recrystailized from cyclohexane to give 5 
g of 2-chloro-4-t-butyl-N-ethylbenzamide, a white solid. 

To a solution of the above compound (2.5 g, 0.01 mol) and TMEDA (1.66 mL, 0.011 mol) in THF, cooled 
to -78°C under nitrogen, was added 1.3 M s-BuLi in cyclohexane (17 mL, 0.022 mol) dropwise. After 0.5 h 

30 TMSCI (1 .6 mL, 0.0125 mol) was added. The reaction mixture was stirred at -78 °C for 45 min then warmed 
to -30 °C and poured into dilute aq NaHC0 3 and extracted with ether. The ether extract was washed with water 
and brine, dried (MgS0 4 ) and concentrated. The crude product was purified by flash chromatography (0 - 1 0% 
ethyl acetate/hexanes) to give the title compound as a white solid (0.78 g) in 25% yield, m.p. 124-126 °C. 

35 Example 236 

6-Bromo-N-ethyl-3-methoxy-2-(trimethylsilyl)benzamide. 

2-Bromo-5-methoxybenzoic acid was converted to the acid chloride following example b and then to the 
40 ethyl amide using Method E1 . 

A solution of the ethyl amide (1 g, 0.004 mol) and TMSCI (0.63 mL, 0.005 mol) in THF (15 mL) was cooled 
to -100°C under nitrogen and 2 M LDA (4.5 mL, 0.009 mol) was added dropwise. After stirring at -78°C for 0.5 
h the reaction mixture was poured into aq NaHC0 3 and extracted with ether. The ether extract was washed 
with water and brine, dried (MgS0 4 ) and concentrated. The crude product was triturated with ether and the 
45 resulting solid was recrystailized from aq ethanol to give the title compound as a white solid (100 mg) in 8% 
yield, m.p. 200°C. 

Example 237 

so 6-Chloro-3-(dimethylamino)-N-ethyl-2-(trimethylsilyl)-benzamide. 

2-Chloro-5-nitro-N-ethylbenzamide was prepared from the corresponding acid using the Method of Ex- 
ample 232. A solution of this compound (25 g, 0.11 mol) in ethyl acetate (250 mL), water (75 mL) and glacial 
acetic acid (325 mL) was heated then iron powder (25 g, 0.44 mol) was add d. The reaction mixture xo- 
55 thermed and gas evolution was vigorous for 1 h, v n though it was c oled with an ice bath. When gas vo- 
lution ceased the reaction mixture was poured into water and CH 2 CI 2 and f ilt red to remov the remaining iron. 
The filtrate was extracted with CH 2 CI 2 several times. The organic lay rs were combined and washed with wat r 
and brine, dried (MgS0 4 ) and cone ntrated togiv 2-chloro-5-amino-N- thylbenzamid as an oil (12.5 g, 57% 
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yi Id). 

A mixture of the above amin (3g, 0.015 mol), potassium carbonate (3.8 g, 0.028 mol) and Mel (1.4 mL, 
0.022 mol) in DMF stirred at RT v might The reacti n mixture was poured int water and xtractedwith th r. 
The eth r lay r was washed with water and brin , dried (MgS0 4 ) and concentrated to give an oil. Purification 
5 by flash chromatography (0- 50% ethyl acetate/ hexanes) gave N-ethyl 2-chloro-5-(dimethyiamino)benzamide 
as a yellow solid in 29% yield. 

A solution of the above compound (0.65 g, 0.003 mol) in THF was stirred at -78 °C under nitrogen. 1.7 M 
t-BuLi in pentane was added. After 0.5 h at -78 °C a solution of TMSCI in THF was added. After 1 h at -78 °C 
the reaction mixture was poured into aq NaHC0 3 and extracted with ether. The ether extract was washed with 
10 water and brine, dried (MgS0 4 ) and concentrated. The crude product was triturated with a mixture of hex- 
anes/ CH 2 Cl2/ethyl acetate and filtered to give the title compound as a white solid (0.100 g) in 11% yield, m.p. 
179-180°C. 

Example 238 

15 

2-Chloro-N-ethyt-3-(methylsulfonyl)-6-(trimethylsilyl)-benzamide. 

To a solution of the compound of Example 231 (0.30 g, 1.0 mmol) in CH 2 CI 2 (20 mL) at RT was added m- 
chloroperbenzoic acid (0.59 g, 3.4 mmol). The reaction was stirred for 7 h, was washed with sat NaHC0 3i brine, 
20 dried (MgS0 4 ) and concentrated to afford the title compound. The crude product was purified by recrystalli- 
zation from ethyl acetate/hexanes to afford white needles (0.26 g, 79%). m.p. 139-140°C. 

Example 239 

25 2-Chloro-N-ethyi-3-iodo-6>(trimethylsilyl)benzamide. 

The method of Example 230 was followed, substituting 1,2-diiodoethane (2.3 eq) for Mel, to afford the 
title compound. The crude product was purified by flash chromatography (ethyl acetate/hexanes) and recrys- 
tallization from aq methanol to afford 2.72 g of the title compound as white crystals in 71% yield, m.p. 128- 
30 130 °C. 

Example 240 

5-(Benzoylamino)-N-ethyl-2-(trimethytsilyl)benzamide. 

35 

To a solution of the compound of Example 217 (0.118 g, 0.5 mmol) in CH 2 CI 2 (10 mL) was added triethy- 
lamine (0.14 mL, 1.0 mmol), benzoyl chloride (70 uL, 0.6 mmol) and 4-dimethylaminopyridine (12 mg). The 
reaction was stirred at RT for 16 h, diluted with water, and extracted with ethyl acetate. The extracts were wash- 
ed with 0.04 N HCI, sat NaHC0 3 , brine, dried (MgS0 4 ) and concentrated to afford the title compound. The 
40 crude product was purified by recrystallization from ethyl acetate/hexanes to afford the title compound as fluf- 
fy white crystals (0.129 g, 76%). m.p. 185-187°C. 

Example 241 

45 2-Chloro-N-ethyl-3-(2-(E)-nitit)-ethenyl)-6-(mmethy1silyl)benzamide. 

To a solution of the compound of Example 223 (0.199 g, 0.7 mmol) in methanol (5 mL) at 0°C was added 
nitromethane (0.3 mL, 5.0 mmol) and 2.5 N NaOH (2.3 mL, 5.8 mmol) portionwise over 2 h. The suspension 
was dissolved by addition of ice-cold water and cold 2 N HCI (10 mL) was added. The precipitate was filtered 
so and washed with water to afford the crude title compound. The crude product was purified by recrystallization 
from aq methanol to afford the title compound as a light yellow fluffy solid (60 mg, 26%). m.p. 104-106°C. 

Example 242 

55 2-Chloro-N-ethyl-3-phenyl-6-(trimethylsilyl)b nzamide. 

To a solution f the compound of Exampl 239 (0.191 g, 0.5 mmol) and palladium tetraklstriphenylphos- 
phine (23 mg, 0.02 mm I) in toluen (10 mL) was added 2 M sodium carbonate (0.5 mL) and phenyl boronic 
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acid (73 mg, 0.6 mm I). Th mixture was h ated at 90°C for 30 h, additional p rtions of catalyst (20 mg) and 
2 M sodium carbonate (0.5 mL)w re add d and heating was continued for 24 h. The cool reacti n was diluted 
with CH 2 a 2 and wash d with 2 M sodium carb nat (50 mL with 5 mL cone NH 4 OH). The organic layer was 
dried (MgS0 4 ) and concentrated. The crud product was purified by RC (ethyl acetate/hexan s) and recrys- 
tallization from hexanes to afford the title compound as white needles (98 mg, 59%). m.p. 134-1 35°C. 

Example 243 

3-Acetyl-2-chloro-N-ethy1-6-(trimethylsilyl)ben2amide. 

To a solution of the compound of Example 223 (0.284 g, 1 .0 mmol) in THF (20 mL) at -78°C was added a 
1.4 M solution of methyl lithium in ether (3.2 mL, 4.4 mmol) portionwise over 1 h. The reaction mixture was 
stirred for an additional hour at -78°C and was quenched with sat citric acid. The mixture was extracted with 
ethyl acetate and the organic layers were washed with brine, dried (MgS0 4 ) and concentrated to afford the 
secondary alcohol as an oil. 

A solution of the crude alcohol in ethyl acetate was added to a slurry of pyridinium chlorochromate (0.54 
g, 2.5 mmol) In CH 2 CI 2 (50 mL). The slurry was stirred for 3 days, ether (100 mL) was added and the slurry 
was filtered through a pad of silica gel and concentrated to afford the title compound as an on. The crude prod- 
uct was purified by RC (ethyl acetate/hexanes), followed by recrystallization from ether/hexanes to afford the 
title compound as white needles (0.126 g, 42%). m.p. 78-80°C. 

Example 244 

2-Chloro-3-[(ethylamino)carbonylH-(trimethylsilyl)-benzoic acid, methyl ester. 

To a solution of silver nitrate (0.71 g, 4.2 mmol) in water (20 mL) was added 2.5 N NaOH (3.4 mL, 8.2 mmol) 
giving a brown suspension. A solution of the aldehyde of Example 223 (0.56 g, 2.0 mmol) in THF (25 mL) was 
added and the mixture was stirred at RT for 2 h. The mixture was filtered through Celite, diluted with water 
and washed with CH 2 CI 2 . The aq solution was acidified with 2 N HCI and extracted with CH 2 CI 2 . The organic 
layers were washed with brine, dried (MgS0 4 ) and concentrated to afford the carboxylic acid as a white solid 
(0.57 g, 95%). 

The carboxylic acid was converted to the acid chloride by the procedure of example b. 

To a solution of the acid chloride (0.48 mmol) in toluene (10 mL) was added triethylamine (0.139 mL, 1.0 
mmol) and methanol (0.08 mL, 2.0 mmol). The reaction was stirred at RTfor 16 h, diluted with sat NaHC0 3 
and extracted with ethyl acetate. The organic layers were washed with brine, dried (MgS0 4 ) and concentrated 
to afford the title compound. The crude product was purified by recrystallization from ether/ hexanes at -78 
°C to afford the title compound as a white solid (0.104 g, 69%). m.p. 103-104°C. 

Example 245 

N-Ethyl-5-isothiocyanato-2-(trlmethylsiIyl)benzamide. 

To a solution of the compound of Example 217 (0.354 g, 1.5 mmol) in CH 2 CI 2 (25 mL) was added 1,1'- 
thiocarbonyl-2(1H)pyridone (0.35 g, 1.5 mmol). The solution was stirred at RT for 40 min, was diluted with 
CH 2 a 2 and washed with water, brine, dried (MgS0 4 ) and concentrated to afford the title compound. The crude 
product was purified by flash chromatography {CH 2 C\^ followed by recrystallization from hexanes to afford 
the title compound as white needles (0.336 g, 81%). m.p. 106.5-108°C. 

Example 246 

N-Ethyl-3-nitro-2-(trimethylsilyl)benzamide. 

The title compound was obtained as the minor product in the preparation of Example 214 by RC (ethyl 
acetate/hexanes). The crud product was r crystalliz d from ether/h xanesanddri d at 65°C @ 0.05 mm to 
afford the titl compound as white n edl s (0.656 g, 25%). m.p. 84-86°C. 
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Exampl 247 

N-Ethyl-2-(1,1-dimethyl thoxy)benzamide. 

5 2-lodobenzoic acid (65.92 g, 0.266 mol), oxalyl chloride (40.5 g, 0.319 mol) f CH 2 CI 2 (200 mL) and DMF 

(10 drops) were stirred at RT overnight The reaction solution was concentrated, toluene was added and the 
solution concentrated to afford the crude 2-jodobenzoyl chloride. 

The acid chloride was reacted with 70% aq ethyl amine using General Method E1 to afford N-ethyl-2-io- 
dobenzamide as a tan solid (70.80 g, 97%). 

10 Potassium t-butoxide (12.25 g, 0.109 mol) was dissolved in pyridine (50 mL) and cuprous chloride (10.81 

g, 0.109 mol) was added. The black suspension was stirred at RT for 30 min and N-ethyl-2-iodobenzamide 
(10.00 g, 36.4 mmol) dissolved in pyridine (20 mL) was added dropwise. The mixture was stirred at room tem- 
perature for 1 h and was poured in aq ammonium hydroxide and extracted with ether. The organic extracts 
were washed with 1 N NaOH, brine, dried (MgS0 4 ) and concentrated to afford a brown semi-solid. The crude 

15 product was purified by flash chromatography (ethyl acetate/ hexanes) to afford the title compound as a light 
yellow solid (2.36 g, 29%). m.p. 34.5-36°C. 

Examples 248 & 249 

20 Example 248: N-Ethy1-3-(trimethylsilyl)-2-thiophenecarboxamide. 

Example 249: N-Ethyl-3,5-bis(trimethylsilyl)-2-thiophenecarboxamide. 

(a) A mixture of 20 g of 2-thiophenecarboxylic acid and 30 mL thionyl chloride was heated at reflux for 2.5 
25 h, then cooled and concentrated in vacuo to give 21 g of crude 2-thiophenecarboxy!ic acid chloride as an 

amber oil. 

(b) A solution of 2-thiophenecarboxylic acid chloride (7.3 g, 50 mmol) in 30 mL CH 2 CI 2 was added to 70% 
ethylamine in water (1 1 g) at -5 °C and the resulting solution was stirred at RT for 1 8 h. After that, water 
was added. The organic layer was separated, washed with water, brine, dried and concentrated. Purif ica- 

30 tion of the residue by flash chromatography with 25% ethyl acetate-hexane gave 6.4 g (83.1% yield) of 
N -ethyl -2-thiophenecarboxamide as a white solid, m.p. 75-78 °C. 

(c) A solution of 2.5 M n-BuLi in hexane (18 mL) was added dropwise to a solution of N-ethyl-2-thiophe- 
necarboxamide (3.1 g, 20 mmol) in 50 mLTHF at below -65 °C under a positive nitrogen atmosphere and 
the resulting solution was stirred at -70 °C. for 45 min. After that, TMSCI (9 mL) was added slowly at below 

35 -60 °C and stirring was continued at below -60 °C. for 15 min. The solution was allowed to warm to 0 °C, 
then poured into water and extracted with CH 2 Cl 2 . The organic layer was separated, washed with brine, 
dried and concentrated. Flash chromatography of the residue with 5% ethyl acetate-hexane yielded 3.1 
g of Example 248 as a white solid, m.p. 81-84 °C, and 1 .1 g of Example 249 as a colorless oil. no 24 1 .5228. 

40 Example 250 

N,N-Diethyl-2,4-bis(trimethylsilyl)-3-furancarboxamide. 

a) To a solution of diisopropylamine (10 g, 0.1 mol) in 90 mL THF under a positive nitrogen atmosphere 
45 was added 2.5M n-BuLi in hexane (40 mL, 0.1 mol) at below -20 °C. and the resulting solution was stirred 

at below -20 °C. for 0.5 h, then cooled to -70 °C and a solution of 3-furoic acid (5.1 g, 46 mmol) in 50 mL 
THF was added, maintaining the temperature at below -70 °C. After the addition was complete, stirring 
at -70 °C was continued for 1 h. Then 20 mLTMSC! was added dropwise at -70 °C. and the reaction solution 
was stirred at -70 °C. for 0.5 h, then allowed to warm to RT and poured into a mixture of CH 2 CI 2 , ice-water 
so and 2N HCI. The aq layer was separated and extracted with CH 2 CI 2 . The combined organic layers were 
washed with brine, dried and concentrated to give a mixture of 2-(trimethytsilyl)-3-furoic acid and 2,4-bis(tri- 
methylsilyl)-3-furoic acid. 

b) A mixture of 3-furoic acid chlorides (prepared from a mixture of acids (1 .4 g) of step a, 6 mL thionyl chlor- 
ide and a catalytic amount of DMF according to th method of Example 248a was reacted with 4 g of die- 

55 thylamine as in Example 248b. The crude mixture was purified by flash chromatography with 10% ethyl 

acetate-h xan t giv 0.1 g fthetitl compound as a gr nish oil. no 26 1.4812. 
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Exampl 251 &252 

Example 251: N-Ethyl-3,5-bis(trimethylsByl>-2-furancarboxamide. 

s Example 252: N-Ethyl-3-(trimethylsilyl)-2-furancarboxamlde. 

Using the method of Examples 248 and 249, 2-furoic acid was converted to 2.7 g of Example 251 as a 
white solid, m.p. 99-102 °C, and 1 g of Example 252 as a white solid, m.p. 69-72 °C. 

10 Example 253 

N-Ethyl-1 -[(trimethylsilyl)methyi]-1 H-pyrrole-2-carboxamide. 

A mixture of 1 -met hyl-2-pyrrolecarboxylic acid (10 g, 80 mmoi) in 25 mL oxalyl chloride containing 6 drops 
15 of DMF was refluxed for 1 h, then cooled to RT and excess oxalyl chloride was removed in vacuo. The crude 
acid chloride was dissolved in CH 2 CI 2 and added slowly to 40 mL 70% aq ethylamine at between -15 and -10 
°C. The reaction solution was stirred at RT for 1 h, then poured into water and extracted with CH 2 CI 2 . The or- 
ganic solution was washed with brine, dried and concentrated. The residue was purified by flash chromatog- 
raphy with 25% ethyl acetate- hexane to provide 9.5 g of desired product as a light yellow solid. 
20 To the ethyl amide (1.5 g, 10 mmol) in 16 mL THF under a positive nitrogen atmosphere was added 12 
mL 2.5M of n-BuLi in hexane at around 30 °C. and the resulting solution was stirred at ambient temperature 
for 1h. Then 6 mL TMSCJ was added slowly at 0 °C. and stirring was continued at ambient temperature for 1 
h. After that, the solution was poured into ice-water and extracted with CH 2 Ct 2 . The organic solution was wash- 
ed with water, brine, dried and concentrated in vacuo. Flash chromatography of the residue with 10% ethyl 
25 acetate-hexane gave 0.6 g of desired product as an orange oil. no 25 1 .51 85. 

Example 254 

5-Chloro-N-ethyl-3-(trimethylsilyl)-2-thiophenecarboxamide. 

30 

The title compound was prepared from 5-chloro-2-t htophenecarboxylic acid using the methods of Example 
248 yielding 1.5 g as a white solid, m.p. 105-108 °C. 

Example 255 

35 

N,N-Diethyl-3-(trimethylsilyl)-2-thiophenecarboxamide. 

To a solution of the compound of Example 248 (1.1 g, 5 mmol) in 10 mL THF under a positive nitrogen 
atmosphere was added dropwise 2.4 mL 2.5M n-BuLi in hexane at -40 °C. Stirring was continued at between 
40 -30 and -20 °C. for 1 h. After that, 2 g ethyl iodide was added dropwise. The resulting reaction solution was 
allowed to warm to RT, stirred at RT for 18 h and then poured into water and Ch^Cfe. The organic layer was 
separated, washed with brine, dried and concentrated in vacuo. The residue was purified on a silica gel column 
with 1 0% ethyl acetate-hexane as eluent to give 1 g of the title compound as a colorless oil. no 25 1 .521 8. 

45 Example 256 

N-Ethyl-5-methyl-3-(trimethylsilyl)-2-thiophenecarboxamide. 

The title compound was prepared from 5-methyl-2-t htophenecarboxylic acid using the methods of Exam- 
so pie 248 yielding 3.6 g as a white solid, m.p. 112-115 °C. 

Example 257 

N-Ethyl-5-iodo-3-(trimethylsilyl)-2-thi ph n carboxamide. 

55 

The compound of Example 248 was r act dwithiodin usingthem thodofst pcofExarnpl 248togiv 
0.5 g of the title compound as a white s lid. m.p. 85-88 °C. 
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Example 258 

N-Ethyl-5-formyl-3-(trimethylsilyl)-2-thi ph necarb xamid . 

5 a) To diisopropyiamine (12.6 g, 0.125 mol) in 100 mL THF was added slowly 2.5M n-BuU in hexane (52 

mL, 0.13 mol) at -40 °C and stirred at -40 °C for 0.5 h. The solution was cooled to -60 °C and a solution 
of the compound of Example 248 (12.1 g) in 60 mLTHF was added and stirring was continued at between 
-50 and -60 °C for 1 h. After that the reaction mixture was poured into ether-dry ice slush and extracted 
with water. The aq layer was acidified with cone HCI and extracted with CH 2 CI 2 . The organic layer was 

10 washed with brine, dried and concentrated in vacuo to afford 5-[(ethylamino)-carbonylH-(trimethylsilyl)- 
2-thiophenecarboxylic acid. 

~b) To a solution of the acid of step a (3.6 g, 12 mmol) in 30 mL THF was added dropwise 30 mL of 1 M of 
diborane in THF at 0 °C. After the addition was complete, the resulting reaction mixture was stirred at RT 
for 1 h, then cautiously poured into ice-water and extracted with CH 2 CI 2 . The organic water was washed 
15 with brine, dried and concentrated in vacuo. The crude product was purified by flash chromatography with 
30% ethyl acetate-hexane as eluent to give 2.5 g of N-ethyl-5-(hydroxymethyl)-3-(trimethyisilyl)-2-thio- 
phenecarboxamide. 

c) to the compound of step b (1.3 g, 5 mmol) in 40 mL CH 2 CI 2 containing 1.8 g celite was added 2.4 g 
pyridinium chlorochromate and the resulting reaction mixture was stirred at RTfor 2 h. The CH 2 CI 2 solution 
20 was filtered through celite, washed with water, brine, dried and concentrated in vacuo. The residue was 
purified by flash chromatography with 10% ethyl acetate-hexane to give 1.1 g of the desired product as 
a light yellow solid, m.p. 62-65 °C. 

Example 259 

25 

N-Ethyl-4-(trimethylsflyl)-5-isothlazplecarboxamide. 

a) 5-lsothiazolecarboxylic acid was prepared from isothiazole, n-BuLi and dry ice according to the method 
of step a of Example 258. 

30 b) This compound was converted to the title compound by reaction with 70% aq ethylamine, followed by 
TMSa, using the methods of Example 248 to give 0.3 g of the title compound as a yellow oil. n 0 26 1 .5275. 

Example 260 

35 N-Ethyl-5-(methylsurrinyl)-3-(trimethylsilyl>-2-thiophenecarboxamide. 

To a solution of 3.4 g of a 50:50 mixture of the compound of example 248 and 5-(methylthio)-3-(ti1methyl- 
silyl)-2-thiophenecarboxamide (obtained from the reaction of compound of example 248 and methyl metha- 
nethiosulfonate using the method of step c of Example 248) in 30 mL methanol was added sodium periodate 
40 (1 g , 4 mmol) and the resulting reaction mixture was stirred at RT for 1 8 h. After that, the solvent was removed 
in vacuo and the residue was chromatographed on a silica gel column with 10%, 30% and then 70% ethyl acet- 
ate-hexane to give 1 g of the title compound as a white solid, m.p. 71-76 °C. 

Example 261 

45 

ls»-Ethyl-5-(methyithio)-3-(trimethylsilyl)-2-thiophenecarboxamide. 

To a solution of the compound of Example 260 (0.6 g) and Nal (0.8 g) in 10 mL acetone was added slowly 
0.4 mLtrifluoroacetic anhydride at 0 °C and the mixture was stirred at 0 °C. for an additional hour. Then CH 2 CI 2 
so and aq sat sodium meta-bisulf ite were added. The organic layer was separated, washed with brine, dried and 
concentrated. Flash chromatography of the residue with 1 0% ethyl acetate-hexane gave 0.5 g of the title com- 
pound as a white solid, m.p. 58-61 °C. 

Exampl 262 

55 

5-Chloro-N-(2^prop nyl)-3-(trimethylsilyl)-2-thiophenecarboxamide. 

The title compound was prepared from 5-chloro-2-thioph n carboxylic acid and allylamin , f How d by 
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reaction with TMSCI using th methods f Exampl 248 to afford 0.7 g of th titl compound as a white solid. 
m.p. 63-66 °C. 

Exampl 263 

5 

5-Chloro-N-(2-hydroxyethyl)-3-trimethylsilyl-2-thiophenecarboxamide. 

According to the method of step c of Example 248, a solution of 5-chloro-2-thiophenecarboxylic acid (3.3 
g, 20 mmol) in THF was reacted with 20 mL 2.5M n-BuLi in hexane and then quenched with 8 mL TMSCI to 
10 give crude 5-chloro-3-(trimethylsilyl)-2-thiophenecarboxylic acid. 

This acid and a catalytic amount of DMF in 10 mL thionyl chloride was refluxed for 2 h t then cooled to RT 
and excess thionyl chloride was removed in vacuo. The crude acid chloride was reacted with 2-aminoethanol 
according to the method of step b of Example 248 to give 0.9 g of the title compound as a white solid, m.p. 
110-114 °C. 

15 

Example 264 

5-Chloro-N-(2-chloroethyl)-3-(trimethylsilyl)-2-thlophenecarboxamide. 

20 A solution of the compound of Example 263 (0.4 g) and 1 mL thionyl chloride in 6 mL CH 2 CI 2 was refluxed 
for 1 h, then cooled and poured into ice-water. Additional CH 2 CI 2 was added. The organic layer was separated, 
washed with brine, dried and concentrated. Flash chromatography of the residue with 5% ethyl acetate-hexane 
as eluent gave 0.4 g of the desired product as a white solid, m.p. 68-72 °C. 

25 Example 265 

5-Chloro-N-[2[(methylsulfonyl)oxy]ethyl]-3-(trimethylsilyl)-2-thiophenecarboxamide. 

To a solution of the compound of Example 263 (0.4 g) and 0.5 mL triethyiamine in 10 mL CH 2 CI 2 at 0 °C. 
30 was added methanesulfonyl chloride (0.2 mL) and the resulting reaction solution was stirred at RT for 2 h. 
Water was added and the two layers were separated. The organic solution was washed with brine, dried and 
concentrated. Purification by flash chromatography with 30% ethyl acetate-hexane gave 0.4 g of product as 
a white solid, m.p. 82-86 °C. 

35 Example 266 

5-Bromo-N-ethyl-3-(trimethylsilyl)-2-thiophenecarboxamide. 

The title compound was prepared from the compound of Example 248 and bromine according to step c of 
40 Example 248. Purification by flash chromatography with 5% ethyl acetate-hexane gave 0.6 g of the product 
as a white solid, m.p. 96-98 °C. 

Example 267 

45 4-Bromo-N-ethyl-2-(trimethylsilyl)-3-thiophenecarboxamide. 

a) To a solution of 3,4-dibromothiophene (1 5 g, 62 mmol) in 80 mL ether under a positive nitrogen atmos- 
phere was added dropwise 75 mL 1 .7M t-BuLi in pentane at below -73 °C and the resulting reaction solution 
was stirred at -78 °C. for 0.5 h. After that, the ether solution was poured into dry ice and extracted with 

50 water. The aq solution was washed with ether and then acidified with concentrated HQ. The solid was 
filtered and air-dried to give 9 g of 4-bromo-3-thiophenecarboxylic acid, yield 70.3%. 

b) N-Ethyl-4-bromo-3-thiophenecarboxamide was prepared from 4-bromo-3-thiophenecarboxylic acid (7 
g, 34 mmol) and 70% ethyiamine in water according to steps a and b of Example 248 in 64.5% yield. 

c) A soluti n of this compound (1 .9, 8.1 mmol) in THF was m tallat d with LDA (prepared by diisopropy- 
55 lamine and 2.5M of n-BuLi in h xane using th method of Exampl 250) and qu nched with TMSCI ac- 
cording to them thod of step c of Exampl 248 to give 1.1 g of the titl c mp und as a white solid in 44.5% 
yield, m.p. 93-96 °C. 
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Exampl 268 

5-Bromo-N- thyl-2-(Mmethylsilyl)-3-thioph n carb xamide. 

5 a) To a solution of 3-thiophenecarboxylic acid (7.7 g, 60 mmol) in 70 mL acetic acid was added a solution 

of 9.6 g bromine in 50 mL acetic acid at RTand stirring was continued at RT for 0.5 h. After that, the reaction 
mixture was poured into 600 mL ice-water. The precipitate was filtered, washed with water and air-dried 
to give 7.9 g of 5-bromo-3-thiophenecarboxylic acid. 

b) 5-Bromo-N-ethyl-3-thiophenecaifcoxamide was prepared from 5-bromo-3-thiophenecarboxylic acid 
10 (2.1g, 10 mmol) and 70% ethylamine in water according to the methods of steps a and b of Example 248 

in 70% yield. 

c) The compound of step b (1 .3 g, 5.6 mmol) was metallated with LDA (prepared from diisopropylamine 
and 2.5M n-BuLi in hexane as in Example 250) and reacted with TMSCI as in step c of Example 248 to 
give 70.6% of the title compound as a white solid, m.p. 96-98 °C. 

15 

Example 269 

N-Ethyl-2,5-bis(trimethyisilyl)-3-thiophenecarboxamide. 

20 To a solution of 5-bromo-3-thiophenecarboxylic acid in 40 mL THF under a positive nitrogen atmosphere 
was added dropwise a solution of 9 mL of 2.5M n-BuLi in hexane at below -70 °C and the resulting reaction 
solution was stirred at -78 °C for 1 h. Then 3.6 mL TMSCI was added at below -70 °C and stirring was continued 
for 1 h at -78 °C. The solution was allowed to warm to 0 °C and poured into water and washed with ether. The 
aq layer was separated, acidified with cone HQ and extracted with CH 2 CI 2 . The organic solution was dried 

25 over MgS0 4 and concentrated to give a mixture of acids. 

* The acids were converted to the corresponding ethyl amides as in steps a and b of Example 248 and the 
mixture was purified by flash chromatography with 10% ethyl acetate- hexane to give 0.4 of the title compound 
as a white solid, m.p. 106-111 °C. 

30 Example 270 

N-Ethyl-2-(trimethylsilyl)-4,5,6 f 7-tetrahydrobenzo[B]thiophene-3-carboxamide. 

a) To a mixture of cyclohexanone (20 g, 0.2 mol), ethyl cyanoacetate (22.6 g, 0.2 mol) and sulfur (6.8 g 
35 0.22 mol) in 70 mL absolute ethanol was added rapidly 20 mL diethylamine. The reaction mixture was oc- 
casionally cooled with a water bath to maintain the temperature below 60 °C. and then stirred at between 
30 to 46 °C. for 2 h. Then water was added. The precipitate was filtered, air-dried and recrystallized from 
ethanol to give 31 g of ethyl 2-amino-4,5,6,7-tetrahydrobenzo[B]-3-carboxylate. 

b) To copper (II) bromide (14 g) and 90% t-butyl nitrite (10 mL) in 40 mL acetonitrile at 50 °C. was added 
40 in portions 11 g of the amine of step a, such that the temperature did not exceed 65 °C. After the addition 

was complete, the resulting reaction mixture was stirred for an additional 0.5 h, then partitioned between 
water and ethyl acetate. The ethyl acetate solution was then washed with water, brine, dried and concen- 
trated. The crude product was chromatographed with 2% ethyl acetate- hexane to give 6.5 g of a 3:1 mixture 
of ethyl 2-bromo-4,5,6,7-tetrahydrobenzo[B]thiophene-3-carboxylate and ethyl 4,5,6,7-tetrahydrobenzo- 
45 [BHhiophene-3-carboxylate. 

A solution of the mixture of ethyl esters (5 g) and potassium hydroxide (3 g) in 20 mL ethanol was 
refluxed for 2 h, cooled and the solvent removed in vacuo. Water was added to the solid and the aq solution 
was acidified with cone HQ. The solid was filtered, washed wit h water and air dried to give 3.8g of a mixture 
of acids. 

so A mixture of the two acids (3.3 g) and a catalytic amount of DMF in 10mLthionyl chloride was refluxed 

for 2 h, then cooled and concentrated in vacuo. This mixture of crude acid chlorides was dissolved in 20 
mL CH 2 CI 2 and added to 20 mL 70% ethylamine in water at below -20 °C and the mixture was stirred at 
RT for 18 h. The organic layer was separated, washed with water, brine, dried and concentrated. Flash 
chromatography of th crud with 15% thyl ac tate- hexane gav 3.2 g of 2-bromo-N- thyl-4,5,6,7-tet- 

55 rahydrobenzo[B]thioph n -3-carboxamid and 0.4 g of N-ethyl-4,5,6,7-tetrahydr benz [BJthioph ne-3- 
carboxamid . 

c) The 2-bromo compound was react d with TMSCI according to the m th d of step c of Example 248. 
Purification by column chromatography with 12% thyl acetate- hexane afford d 1.1 g f the titl c m- 
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pound as a white solid. m.p. 107-112 °C. 
Exampl 271 

5 4 f 5-Dimethyl-N-ethyl-2-(trimethylsilyl)-3-thtophene-carboxamide. 

Using the procedures for the synthesis of the compound of Example 270 and methyl ethyl ketone as the 
starting material, the title compound was obtained as a white solid, m.p. 90-94 °C. 

10 Example 272 

N-Ethyl-N-(methylthio)-3-(trimethylsilyl)-2-thiophenecarboxamide. 

To a solution of the compound of Example 248 (1 .6 g, 6.5 mmol) in 20 mL THF under a positive nitrogen 
15 atmosphere was added dropwise 3 mL of 2.5M n-BuLi in hexane at below -70 °C and the resulting solution 
was stirred at -78 °C for 1h. A solution of methyl methanethiosulfonate (0.9 g, 7.1 mmol) in THF was then added 
dropwise at below -70 °C and stirring was continued for an additional hour at -78 °C. After that, the solution 
was warmed to 0 °C and poured into water. CH 2 CI 2 was added. The aq layer was separated and extracted with 
CH 2 CI 2 . The combined organic layers were washed with brine, dried (MgS0 4 ) and concentrated. Purification 
20 of the crude on a silica gel column with 1 0% ethyl acetate-hexane gave 1 .2 g of the title compound as a col- 
orless oil. no 25 1.5519. 

Example 273 

25 5-Chloro-N-(methylthio)-N-2-pro^ 

The compound of Example 262 (1 .1 g) was reacted with 0.52 g of methyl methanethiosulfonate using pro- 
cedure described for the preparation of the compound of Example 272. The title compound (0.6 g) was purified 
by flash chromatography with 2% ethyl acetate-hexane and recovered as a colorless oil. no 26 1.5698. 

30 

Example 274 

N-Ethyi-3-(trimethylsflylM^ 

35 To 9.4 mL DMF in 30 mL 1 ,2-dichloroethane was added dropwise 9.3 mL phosphorus oxychloride at below 
1 0 °C. The mixture was allowed to warm to RT and 1 0.3 mL cyclohexanone in 1 0 mL 1 ,2-dichloroethane was 
added. After the addition, the mixture was heated at 60-65 °C for 3 h, then cooled to RT and a solution of 30 
g of sodium acetate in 60 mL water was added at below 20 °C. The organic layer was separated, washed with 
water, brine and dried. 

40 To the crude aldehyde in 1,2-dichloroethane was added in 1 portion 9 mL methyl thioacetate, followed by 
dropwise addition of 20 mLtriethylamine. The reaction was exothermic and the mixture was stirred at ambient 
temperature for 18 h. After that, the organic layer was washed with 3N HQ, water, brine, dried and concen- 
trated. 

To this oil were added 4 mL 20% sodium methoxide in methanol and 60 mL methanol and the resulting 
45 solution was heated at reflux for 2 h. The solution was cooled and the solvent was removed in vacuo. Water 
and CH 2 Q 2 were added. The organic layer was separated, washed with brine, dried and concentrated to give 
12.6 g of crude methyl 4,5,6,7-tetrahydroben2o[B]thiophene-2-carboxyiate as an oil. 

A mixture of 2.2 g of this methyl ester and 20 mL of 70% ethylamine in water was stirred at RT for 72 h. 
After that water and CH 2 CI 2 were added. The organic layer was separated, washed with brine, dried and con- 
so centrated to give 2 g of ethyl amide as a light yellow solid, m.p.133-135 °C. 

The title compound was prepared from this ethyl amide (1 .1 g, 5 mmol) and TMSCI according to the method 
of step c of Example 248. Purification by flash chromatography with 10% ethyl acetate-hexane gave 1 g of 
the product as a white solid, m.p. 126-128 °C. 

55 
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Example 275 

N-Ethyi-5-(m thytamin )-2-(trimethylsilyl)benzamid . 

5 To a solution of the compound of Example 217 (0.29 g, 1.2 mmol) and benzotriazole (0.143 g, 1.2 mmol) 

in absolute ethanol (5 mL) at RT was added 37% aq formaldehyde (0.090 mL, 1.2 mmol). An aliquot was in- 
duced to precipitate by cooling and addition of a small amount of water. The precipitate was added back into 
the reaction which was stirred at RT overnight and cooled in a refrigerator for 6 h. The resultant mixture was 
filtered and dried under vacuum (P 2 0 6 ) to afford 5-[(1H-benzotriazol-1-ylmethyl)amino]-N-ethyl-2-(trimethyl- 

10 silyl) benzamide as a white solid (0.308 g, 70%). m.p. 207-208°C. 

A mixture of this compound (0.222 g, 0.6 mmol) and sodium borohydride (45 mg, 1.2 mmol) in THF (10 
mL) was heated at reflux for 30 min. The cool reaction was poured into water, made basic with 2.5 N NaOH 
and extracted with ether. The organic layers were washed with brine, dried (MgS0 4 ) and concentrated. The 
crude product was purified by recrystallization from hexanes to afford the title compound as a white solid (0.114 

15 g, 76%). m.p. 101-102 °C. 

Example 276 

2-ChIoro-N^thyl-6-(trimethylsilyl)-3-[(trimethylsilyl)-ethynyl]benzamide. 

20 

To a slurry of the compound of Example 239 (0.763 g, 2.0 mmol), bis(triphenylphosphine)palladium dichlor- 
ide (28 mg, 0.04 mmol) and cuprous iodide (15 mg, 0.08 mmol) in anhydrous triethylamine (10 mL) was added 
trimethylsilylacetylene (0.236 g, 2.4 mmol). The brown slurry was stirred at RT for 3.5 h, concentrated, slurried 
in ether and filtered through silica gel (ether). The crude product was further purified by flash chromatography 
25 (ethyl acetate/hexanes) followed by recrystallization from hexanes to afford the title compound as white crys- 
tals (0.618 g, 88%). m.p. 131-132 °C. 

Example 277 

30 2-Chloro-3-ethenyl-N-ethy}-6-(trimethylsilyl)benzamide. 

To a solution of the compound of Example 239 (0.382 g, 1.0 mmol), tetrakis(triphenylphosphine)- palla- 
dium^) (23 mg, 0.02 mmol) and 2.6-dW-butyl-4-methyl phenol (1.5 mg) in toluene (10 mL) was added vinyltri- 
butyltin (0.349 g, 1.1 mmol). The light yellow solution was heated at reflux for 24 h, additional tetrakis(triphe- 
35 nylphosphine)palladium(O) (1 5 mg) was added, and reflux was continued for 24 h. The cool mixture was diluted 
with ether, filtered through Celite, concentrated and purified by RC (ethyl acetate/hexanes). The product was 
further purified by recrystallization from pentane to afford the title compound as white needles (0.060 g, 21 %). 
m.p. 127-128 °C. 

40 Example 278 

[2-Chloro-6-(trimethylsilyl)benzoyl]ethylphosphoramidic acid, diethyl ester. 

To a solution of 5.0 g (29.0 mmol) of diethyl chtorophosphate in 70 mL dichloroethane cooled on an ice 
45 bath was added 4.1 g (63.8 mmol) of ethylamine (70% aq). The mixture was allowed to stir at RT for 30 min 
and was then partitioned between ether and water. The organic layer was washed with brine, dried (MgS0 4 ), 
and was filtered. The filtrate was evaporated in vacuo and the residue was kugelrohr distilled (0.8 torr, 90 °C) 
to yield 2.7 g (52%) of diethyl N-ethylphosphoramidate as a colorless oil. 

To a solution of 0.8 g (4.4 mmol) of this phosphoramidate in 40 mL dry THF cooled to -70 °C was added 
so 1.8 mL (4.5 mmol) of n-BuLi (2.5 M in hexane). The mixture was stirred at -70 °C for 10 min and to the mixture 
was added a solution of 1.0 g (4.05 mmol) of the compound of Example b in 10 mL dry THF. The mixture was 
allowed to warm to RT and was stirred for another 45 min. The mixture was then heated to reflux for 30 min 
and was allowed to cool to RT. The mixture was partitioned between ether and water. The organic layer was 
washed with brin , dried (MgS0 4 ), and was filtered through silica gel. Th filtrate was vaporat d in vacuo 
55 andth residue was chromatographed (HPLC, 35% thyl ac tate/h xan ) to yield 1.0 g (62%) fa col rless 
il.n D 25= 1.5060. 
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Exampl 279 

2-Chl ro-N-ethyl-N-[(m thylthto)methyl]-6-(trim thylsilyi) b nzamide. 

5 To a solution of 2.0 g (7.8 mmol) of the compound of Example 45 in 30 mL dry THF was added 7.9 mL 

(7.9 mmol) sodium bis(trimethyls(lyl)amide (1 .0 M in THF). To the resulting mixture was added 1 .0 g (1 0.4 mmol) 
chloromethyl methylsulfide. The mixture was stirred for 15 min and another 0.65 g (6.7 mmol) of chloromethyl 
methylsulf ide was added. Stirring at RT was continued for 1 h and the mixture was then heated to reflux for 
28 hours. The mixture was allowed to cool to RT and was then partitioned between ether and water. The organic 

10 layer was washed with brine, dried (MgS0 4 ), and was filtered through silica gel. The filtrate was evaporated 
in vacuo and the residue was chromatographed (HPLC, 8% ethyl acetate / hexane) to yield 1.1 g (45%) of a 
colorless oil. n D 25 = 1.5526. 

Example 280 

15 

2-[(1,1-Dimethylethyl)sulfonyl)-N-ethyl-6-fluorobenzamide. 

AO °C solution of N-ethyl 2-fluoro-6-(1,1-dimethyiethylthio) benzamide, described in Example 194, (0.15 
g f 0.59 mmol) in methanol (5 mL) was combined with a 0°C solution of OXONE® (1.08 g, 1.76 mmol) in water 
20 (5 mL). This mixture was stirred overnight, then was poured into 25% aq sodium metabisulfite (100 mL) and 
extracted with ether (3 X 100 mL). The combined organics were washed with brine followed with water, then 
was dried (MgS0 4 ) and concentrated to give the title compound as a clear oil. 

Example 281 

25 

2-Chloro-6-[(1 ,1-dimethylethyl)methylamino]-N,N-(diethyl) benzamide. 

A solution of the N-tert-butyl Wactam (3.3 g, 1 8.9 mmol) described in Example 188 and diethylamine (4.6 
g, 62.4 mmol) in CH 2 CI 2 (100 mL) was stirred at RT overnight. The solvent was evaporated, then the residue 
30 was triturated with cyclohexane and the filtrate was concentrated to an oil. 500 mg of this material was purified 
by RC with EtOAc/cyclohexane to give 478 mg of N,N-diethyl-2-(N-tert-butylamino)benzamide as an orange 
oil, a 95% yield. 

A mixture of N,N-diethyl-2-(N-tert-butylamino)-benzamide (4.2 g, 17 mmol), potassium carbonate (3.1 g, 
22 mmol), and Mel (3.1 g, 22 mmol) in DMF (75 mL) was heated overnight at 40 °C. The reaction was not com- 
35 plete, so additional Mel (3.1 g, 22 mmol) was added and the reaction heated at 40 °C for 1 d, then was parti- 
tioned between EtOAc and water. The EtOAc was dried (MgS0 4 ), concentrated, and purified by HPLC with 
1:4 ethyl acetate/cyclohexane to afford 3.22 g of N,N-diethyl-2-(N-methyl-N-tert-butylamino)benzamide as a 
yellow oil, a 72% yield. 

A solution of 1.3M s-BuLi in cyclohexane (3.5 mL, 4.6 mmol) was added dropwise to a dry-ice/acetone 
40 cooled solution of TMEDA (0.7 mL, 4.8 mmol) in THF (1 0 mL), followed by the dropwise addition of a solution 
of N,N-diethyl-2-(N-methyl-N-tert-butylamino)benzamide (1 .0 g, 3.8 mmol) in THF (5 mL). The reaction mixture 
was stirred at -78 °C for 50 min, then a solution of hexachloroethane (2.7 g, 11.4 mmol) in THF (5 mL) was 
added. This mixture was stirred for 30 min at -78 °C, then was warmed to -30 °C, diluted with water, and ex- 
tracted with EtOAc (2X). The combined organic extracts were dried (MgS0 4 ), concentrated, and purified by 
45 HPLC with 3:17 EtOAc/cyclohexane to give 577 mg of the title compound as a yellow oil, a 51 % yield. 

Example 282 

2-Chloro-N-ethyl-5-(trimethylsilyl)-4-thiazole-carboxamide. 

so 

a) A mixture of 90% ethyl bromopyruvate (54.2 g, 0.25 mol) and thiourea (20 g, 0.263 mol) in 500 mL ab- 
solute ethanol was heated at reflux for 1 h and then stirred at ambient temperature for 2 h. Ethanol was 
removed in vacuo and the residue was suspended in ice-water and neutralized with solid potassium car- 
bonat until basic. Th solid was f ilt r d, wash d thoroughly with water and air-dried t giv 42gofethyl- 

55 2-amino-4-thiaz lecarboxylate. 

b) To a mixtur of copper (II) chloride (20 g, 0.1 5 mol) and 90% t-butyl nitrite (24 mL, 0.1 8 mol) in 500 mL 
acetonitrile at 60 °C was added in p rtions thyl 2-amin -4-thiaz lecarboxylate (21 g, 0.12 mol), main- 
taining th temperature at betw en 60-65 °C After the additi n.th resulting reaction mixture was heat d 
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at 80 °C for 1 h, th n cooled t RT and poured into a mixture of wat r, CH 2 CI 2 and 25 mL cone HCI. Th 
aq layer was s parat dand xtract d with CH 2 CI 2 . Th combin d organic layers wer wash d with water, 
brin , dried and cone ntratedtogiv 21.5 g of thyl 2-chl ro-4-thiazol carb xyiate: 

c) A mixture f NaOH (1.9 g, 47.5 mmol) and ethyl-2-chloro-4-thiazol carboxylate (7.6 g, 40 mmol) in 100 
5 mL absolute ethanol was stirred at RT for 4 h. After that, ethanol was removed in vacuo and the residue 

was dissolved in water. The aq layer was washed with ether and then acidified with cone HCI. The solid 
was filtered and air dried to give 4 g of 2-chloro-4-thiazolecarboxylic acid. 

d) 2-Chloro-4-thiazolecarboxy1ic acid chloride (prepared from 2-chloro-4-thiazolecarboxyiic acid, thionyt 
chloride and a catalytic amount of DMF) was reacted with 70% ethylamine in water to yield 2-chloro-N- 

10 ethyl-4-thiazolecarboxamide. This compound was reacted with TMSCI using the method of step c of Ex- 
ample 248. Purification by flash chromatography with 3% ethyl acetate-hexane gave 2.5 g of the title com- 
pound as a light yellow oil in 55.6% yield. n D 28 1.5313. 

Example 283 

15 

2-Chloro-N-ethyl-3-(trimethylsilyl)-4-thiazolecarboxamide. 

2-Chtorothiazole was prepared from 2-aminothiazole according to step b of Example 282. Distillation yield- 
ed a clear liquid, b.p. 145-150 °C. This compound was reacted with n-BuLi and dry ice using the method of 
20 step a of Example 258 to yield 2-chloro-5-thiazolecarboxylic acid. 

This compound was reacted with 70% ethylamine, followed by TMSCI using the methods of Example 248 
to yield 0.9 g of the title compound as white solid in 54.2% yield. m.p. 101-103 °C. 

Example 284 

25 

N-Ethyl-5-(trimethylsayt)-1r^pyrazole-1-carboxamlde. 

To a solution of pyrazole {1.7 g, 25 mmol) and 4 mL triethylamine in 50 mL dry THF was added ethyl iso- 
cyanate (2 g, 28 mmol) at 0 °C and the resulting reaction solution was stirred at RT for 18 h. Ethyl acetate 
30 and 2N HCI were added. The aq layer was separated and extracted with ethyl acetate. The combined ethyl 
acetate layers were washed with brine, dried and concentrated in vacuo to give an oil. The oil was triturated 
with cold hexane to give 2.5 g of N-ethyl-1H-pyrazole-1-carboxamide as a white solid. 

Asolution of this compound in THF was metallated with lithium diisopropylamide (prepared by diisopropyl- 
amine and 2.5M of n-BuLi in hexane as in step a of Example 250) and quenched with TMSCI as in Example 
35 248 to give 0.6 g of the tit le compound as an orange oil. no 26 1 .6627. 

Example 285 

2-Chloro-N-ethyl-6-(1,1-dimethylethyl)benzamide. 

40 

2-tert-butyl-N-ethylbenzamide was prepared from 2-tert-butyl benzoyl chloride, prepared in Example 186, 
and 70% ethylamine in water according to the method of step b of Example 248. 

To a solution of 2-tert-butyl-ISI-ethylbenzamide (44 g, 215 mmol) and TMEDA (70 mL, 446 mmol) in 500 
mL THF at -70 °C under a positive nitrogen atmosphere was added at a rapid stream 520 mL 1.3M s-BuU in 

45 cyclohexane, maintaining the temperature at below -60 °C After the addition was complete, the resulting re- 
action solution was warmed to -30 °C and stirred at between -30 °C and -26 °C for 50 min. The solution was 
then cooled to below -70 °C and a solution of hexachloroethane (80 g) in 250 mL THF was added at between 
-70 and -65 °C. Stirring at below -70 °C was continued for 0.5 h. The resulting reaction solution was then poured 
into water. CH 2 CI 2 and 3N HCI were added. The aq layer was separated and extracted with CH 2 CI 2 . The com- 

50 bined organic layers were washed with water, dried and concentrated in vacuo. The solid was triturated with 
hexane andthen purified by flash chromatography with 15%ethylacetate/hexaneaseluenttogivethe desired 
product as a white solid, m.p. 121-123 °C. 

Exampl 286 

55 

4,5-Dimethyl-N-ethyl-3-(trim thylsilyl)-2-thiophenecarb xamid . 

The title compound was pr pared from m thyl ethyl k ton using the methods of Example 274 and was 
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obtained as a white solid, m.p. 77-80 °C. 

Exampl 287 

5 5-Chlon>-N-hydroxy-N-(1-methyleth^ 

« 

5-Chloro-3-(trimethylsilyl)-2-thiophenecarboxylic acid chloride was prepared by the reaction of 1 g 5- 
chloro-3-(trimethyisily1)-2-thiophenecarboxylic acid (prepared as in Example 263) and 6 mL thionyt chloride, 
using the procedure of step a in Example 248. This product was dissolved in CH 2 CI 2 at 0 °C and added to a 
10 mixture of N-isopropyihydroxylamine hydrochloride (0.55g, 5 mmoi) and 4 g NaHC0 3 in 20 mL CH 2 CI 2 and 20 
mL water. The resulting reaction mixture was stirred at RTfor additional 3 h. The organic layer was separated, 
washed with brine, dried and concentrated. The residue was purified by flash chromatography with 8% ethyl 
acetate/hexane to give 80 mg of the title compound, m.p. 146-150 °C. 

15 Example 288 

N-Ethyl-1-methyl-5-(trimethylsilyl)-1H-pyrazole^carix)xamide. 

A solution of ethyl (ethoxymethylene)cyanoacetate (68 g, 0.4 mol) and methylhydrazine (18.5 g, 0.4 mol) 
20 in 200 mL absolute ethanol was ref luxed for 1 .5 h, then cooled to RT and filtered. The filtrate was concentrated 
in vacuo and the residue was triturated with ether to give 54 g of crude ethyl 5-amino-1-methyl-1 H-pyrazole- 
4-carboxylate in 75.4% yield. 

To a solution of 90% t-butyl nitrite (50 mL, 0.37 mol) in 200 mL DMF was added in portions ethyl 5-amino- 
1 -met hyl-1 H-pyrazole-4-carboxylate (39 g, 0.23 mol), maintaining the temperature at around 30 °C. After the 
25 addition, the resulting mixture was warmed to 50 °C and stirred at that temperature for 0.5 h. The mixture was 
poured into 100 mL cone HQ and 40 mL water and extracted with CH 2 CI 2 . The organic solution was washed 
with water, brine, dried and concentrated. Vacuum distillation of the residue gave 32.4 g of ethyl 1-methyMH- 
pyrazole-4-carboxylate as a clear liquid, b.p. 65-80 °C at 0.1 torr. 

A solution of ethyl 1 -met hyl-1 H-pyrazole-4-carboxylate (20.2 g, 131 mmol) and NaOH (6.3 g, 158 mmol) 
30 in 200 mL absolute ethanol was ref luxed for 2 h and stirring was continued at RTfor 18 h. After that, the solvent 
was removed in vacuo. The residue was dissolved in water. The aq solution was washed with ether and acidi- 
fied with concentrated HCI. The solid was filtered, washed with water and air-dried to give 14.2 g of 1-methyl- 
1H-pyrazole-4-carboxylic acid in 86% yield. 

N-Ethyl-1-methyl-1H-pyrazole-4-carboxamide was prepared from 1-methyl-1H-pyrazole-4-carboxylic 
35 acid and 70% ethytamine in water using the methods of steps a and b of Example 248. The product was purified 
by flash chromatography with 10% ethyl acetate- hexane and recovered as a white solid in 54.7% yield, m.p. 
103-106 °C. 

This compound was reacted with TMSCI as in Example 248 to give 1.2 g of the title compound as a white 
solid. m.p. 77-81 °C. 

40 
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68.21; 


H 


7.79, 


7.81; 


N 


3. 


61, 


3. 


66. 


104 


C 


67.08, 


66.83; 


H 


8.04, 


7.99. 










t 


105 


C 


67.11, 


67.00; 


H 


6.76, 


6.78; 












125 


c 


60.79, 


60.95; 


H 


6.60, 


6.56. 












127 


c 


64.47, 


64.58; 


H 


9.02, 


9.06. 












128 


c 


58.60, 


58.31; 


H 


7.99, 


7.94. 












130 


c 


58.96, 


59.11; 


H 


7.42, 


7.40; 


N 


4. 


30, 


4. 


25. 


164 


c 


59.23, 


59.35; 


H 


7.81, 


7.78. 












166 


c 


60.48, 


60.59; 


H 


8.12, 


8.13; 


N 


4. 


70, 


4. 


71. 


169 


c 


56.06, 


56.26; 


H 


7.39, 


7.33. 












172 


c 


51.72, 


51.98; 


H 


6.68, 


6.75. 












186 


c 


74.71, 


73.93; 


H 


10.23 


, 10.08. 










189 


c 


63.70, 


63.78; 


H 


8.20, 


8.15; 


N 


9. 


91, 


9. 


86. 


195 


c 


60.17, 


57.51; 


H 


7.41, 


6.65. 












249 


c 


52.12, 


51.45; 


H 


8.41, 


8.32; 


N 


4. 


68, 


4. 


62. 


281 


c 


64.74, 


64.65; 


H 


8.49, 


8.48; 


N 


9/ 


44, 


9. 


47. 



40 

BIOLOGICAL ASSAYS 

The compounds prepared in the above examples have demonstrated control of Gg in one or both of the 
following test methods. The results are shown in the table below. 

45 

In vitro Assay 

The test compounds (0.25 mL of an appropriate stock solution in acetone) are incorporated into 25 mL mini- 
mal media agar [prepared by autoclaving a solution of 17.5 g Czapek Dox broth (Difco), 7.5 g purified agar or 
so Bacto-agar (Difco), and 500 mL distilled/de ionized water, and then adding 50 uL of 1 mg/mL thiamine hydro- 
chloride and 50 *iLof 1 mg/mL biot in in 5% ethanol) and plates are prepared. 

Each plate is inoculated by placing in a triangular shape three 4-mm plugs of Gaeumannomyces graminis 
var. tritici (Ggf) grown on the minimal media agar described above. The plates are incubated in the dark at 19 
- 20 °C for 4 to 5 days. Th growth of the fungus is m asured as th diameter fth mycelial growth. Th 
55 result is expressed as P rcent Inhibition, calculated as [1 - [(mm growth on tr ated plat - 4)/(mm growth on 
control plat -4)]]x100. 
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In vivo Assay 

Compounds ar tested f r control of Ggt on 'Berg n' or 'Anza' vari ties f wheat grown in 3-inch quare 
pots containing soil infested with Ggt. The infestation is accomplished by mixing the s il with an inoculum pre- 

5 pared by growing Ggt on 1/4 strength potato dextrose agar (4.875 g potato dextrose agar, 5.0 g Bacto agar, 
500 mL distilled, deionized water) in plates and using plugs from the plates to infest sterile oats (400 cc whole 
oats, 350 mL deionized water, autoclaved). After a one-month incubation period at room temperature, the oats 
are dried and mixed with the soil at 4% v/v. Four wheat seeds are placed on top of the soil in each pot The 
test compounds are prepared as an 1:9 acetone/ water v/v solution containing 0.18% Tween® 20 to provide a 

10 treatment rate of 0.5 mg active ingredient per pot, treated with 3 mL test solution per pot. Five pots are used 
for each treatment level and the controls, which are untreated, inoculated and non-inoculated pots. After one 
hour drying time, the seeds are covered with more of the appropriate soil and a layer of vermiculite. The pots 
are placed in a growth chamber and watered each day. After four weeks, each pot is evaluated for evidence 
of disease by examination of the seminal roots of each plant under a dissecting microscope. A 0 to 5 rating 

15 scale having the following meanings is used: 

0 = no runner hyphae or lesions present 

1 = runner hyphae and a few small lesions present on <10% of root system 

2 = runner hyphae and small lesions present on 1 0 - 25% of root system 

3 = runner hyphae and lesions present on 25 - 50% of root system 

20 4 = runner hyphae and many, large, coalescing lesions on >50% of root system 
5 = root system and culm completely inundated with lesions and runner hyphae 
From each set of five replicates a high and low score is eliminated and a replicate mean is calculated by the 
average of the remaining three scores. This mean score is then compared to the untreated control score and 
a percent disease control is calculated. These results are reported in the Table below. If the calculation resulted 

25 in "0" or less, as compared to the untreated control, a "IST is shown to indicate no control. 
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Ex. 


1 ft 


Test Results 

In vitro fppm) 
i 

X 


A 1 


vivo 


5 


1 


74 


53 


6 


91 




2 


72 


36 


14 


74 




3 


75 


58 


19 


100 


10 


4 


57 


N 


N 


54 




5 


29 


N 


N 


24 




6 


47 


2 


7 


37 




7 


100 


77 


42 


93 


15 


8 


100 


97 


19 


85 




9 


71 


N 


3 






10 


50 


N 


N 




20 


11 


24 


N 


N 






12 


100 


83 


29 


95 




13 


64 


17 


7 


13 


25 


14 
15 


79 
44 


40 
N 


7 
N 


92 




16 


76 


27 


11 


3 




17 


64 


64 


59 


N 


30 


18 


100 


N 


N 


97 




19 


29 


7 


N 


38 




20 


61 


14 


7 


36 


35 


21 


100 


100 


100 


100 




22 


46 


N 


13 


91 




23 


71 


• N 


N 






24 


100 


N 


N 




40 


25 


89 


15 


19 


56 




26 


97 


95 


95 


99 




27 


64 


13 


15 


33 


45 


28 


100 


100 


60 


86 




29 


100 


100 


100 


97 




30 


80 


60 


N 




50 


31 
32 


96 
100 


4 

100 


N 

75 


85 




33 


100 


44 


N 


12 




34 


100 


100 


97 


100 


55 


35 


93 


7 


3 


46 




36 


100 


69 


26 


88 



66 
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Test Results 



EX. 




In vitro fDDm^ 






No. 
37 


10 


1 


o . x 


In vivo 


87 


63 


17 


83 


38 


100 


79 


53 


95 


39 


92 


82 


49 


99 


40 


53 


N 


N 




41 


52 


21 


24 




42 


30 


N 


N 




43 


63 


N 


N 




44 


39 


N 


N 




45 


100 


100 


100 


97 


46 


44 


11 


15 




47 


70 


N 


N 




48 


100 


100 


74 


97 


49 


100 


100 


100 


97 


50 


20 


10 


3 




51 


100 


19 


N 


77 


52 


98 


81 


53 


96 


53 


95 


19 


9 


65 


54 


43 


2 


N 


52 


55 


100 


81 


49 


100 


56 


74 


31 


10 


91 


57 


90 


N 


10 




58 


55 


6 


13 




59 


26 


N 


6 




60 


19 


N 


N 




61 


49 


29 


9 


1 


62 


69 


3 


8 


9 


63 


69 


40 


N 




64 


31 


14 


20 




65 


1UU 


Do 






66 


58 


N 


N 


3 


67 


100 


19 


N 


N 


68 


41 


N 


8 


N 


69 


100 


81 


51 


67 


70 


44 


15 


N 




71 


N 


8 


14 


50 


72 


69 


59 


N 





67 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



EX. 
No. 


10 
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Toe 4" Pocnlf c 

In vitro (vpra) 
1 


0.1 


In vivo 


73 


83 


60 


13 




74 


93 


31 


7 


47 


75 


31 


26 


5 




76 


79 


45 


N 




77 


100 


47 


13 


N 


78 


62 


12 


12 




79 


65 


12 


12 




80 


46 


4 


N 




81 


46 


N 


N 




82 


57 


N 


30 


58 


83 


100 


100 


100 


99 


84 


100 


66 


N 




85 


59 


7 


7 




86 


72 


24 


N 




87 


100 


100 


93 


96 


88 


73 


N 


N 




89 


100 


85 


19 


96 


90 


89 


34 


6 




93 


26 


N 


N 




94 


86 


63 


9 




95 


100 


62 


N 


63 


96 


48 


15 


7 




97 


100 


70 


7 




98 


100 


81 


22 


97 


99 


95 


72 


5 


59 


101 


62 


21 


10 




102 


28 


52 


28 




103 


. 92 


55 


N 


26 


104 


71 


26 


N 




105 


84 


37 


3 




106 


97 


95 


95 


100 


107 


24 


N 


N 




108 


97 


86 


90 




109 


83 


10 


10 




110 


45 


17 


7 




111 


100 


66 


14 


48 



68 
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Test Results 





Ex. 




In vitro fnnml 








No. 


10 


1 


0.1 


In vivo 


5 


ii« 


i nn 




81 






113 


96 


26 


W 

11 






114 


100 


85 


J O 




10 


115 


97 


97 


97 






116 


33 


N 

1» 








117 


97 


94 








118 


38 


N 


ii 




15 


119 


100 


ft ft 








120 


100 




N 






121 


31 


Q 
o 


A 
** 






122 


67 


11 


M 
IN 






123 


89 


78 


1 1 

J- X 






124 


*62 


N 






25 


125 


89 


N 


N 






126 


93 


4 


15 






127 


74 


21 


in 






128 


50 


8 


** 




30 


129 


26 




Q 






130 


39 


13 




1 
-1 




131 


3 


6 


N 




35 


132 


46 


15 


54 






133 


18 


3 


13 


N 
i. 




134 


39 


3 


N 


N 
i. 




135 


39 


17 


22 




40 


136 


100 


26 


3 






137 


100 


61 


17 






138 


97 


36 


14 




45 


139 


100 


53 


11 






140 


81 


19 


19 






141 


100 

X \J \J 


tLA 
O H 


1 Q 




50 


142 
143 


59 
74 


N 

13 


N 
5 






144 


59 


11 


N 






145 


27 


N 


N 




55 


146 


84 


65 


14 






147 


58 


N 


N 
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Test Results 





Ex. 
No. 


10 


In vitro (ppm) 
1 


0,1 


In vivo 


5 


148 


53 


N 


N 






149 


80 


N 


N 






150 


83 


74 


34 


96 


10 


151 


57 


71 


N 


97 




152 


86 


71 


N 


54 




153 


91 


88 


N 


29 




154 


69 


N 


N 




15 


155 


90 


64 


N 


93 




156 


72 


33 


9 






157 


91 


23 


7 


0 


20 


158 


44 


33 


2 






159 


100 


55 


12 


0 




160 


88 


63 


17 


5 


25 


161 
162 


61 
57 


17 
N 


22 
3 






163 


100 


85 


24 






164 


70 


3 


3 




30 


165 


100 


76 


N 


63 




166 


73 


N 


4 


15 


• 


167 


96 


86 


46 


93 


35 


168 


100 




57 






169 


100 


31 


N 






170 


63 


9 


12 






171 


97 


88 


48 


87 


40 


172 


100 


100 


94 


99 




173 


92 


12 


4 






174 


100 


65 


12 


0 


45 


175 


60 


48 


35 






176 


97 


97 


83 






177 


100 


19 


11 




50 


178 
179 


54 
91 


15 
88 


N 
85 


97 




180 


90 


82 


85 


96 




181 


58 


33 


12 




55 


182 


73 


58 


30 






183 


56 


35 


24 
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Test Results 





Ex. 
No. 

184 


XV 


In vitro forart 

JL 


0 1 


Tn vivo 


5 


83 


11 


N 






185 


72 


56 


48 






186 


67 


N 


N 




10 


187 


97 


27 


13 


24 




188 


100 


71 


29 


15 




189 


65 


13 


4 






190 


80 


76 


24 




15 


191 


88 


88 


60 


88 




192 


95 


95 


86 


99 




193 


57 


30 


35 




20 


194 


100 


100 


82 


• 




195 


56 


29 


35 






196 


100 


56 


3 




25 


197 
198 


85 
75 


23 
32 


3 
7 






199 


74 


29 


9 






200 


100 


100 


92 


65 


30 


201 


100 


50 


31 


65 




202 


88 


58 


33 


3 




203 


91 


84 


79 




35 


204 


74 


N 


N 


43 




205 


81 


47 


5 






206 


100 


97 


86 






207 


97 


90 


31 




40 


208 


97 


83 


N 






209 


100 


90 


28 






210 


94 


88 


85 


74 


45 


211 


90 


82 


N 


96 




212 


90 


54 


77 


96 




213 


79 


82 


9 


87 


50 


214 
215 


77 
100 


6 
96 


, 3 
46 


57 




216 


92 


54 


25 


68 




217 


100 


68 


16 


0 


55 


218 


100 


94 


18 


99 




219 


100 


94 


50 


97 



71 
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Test Results 
Ex. In vj,tro (ppm) 



10 



15 



20 



25 



30 



35 



40 



45 



50 



No. 


10 


1 


0.1 


220 


1 AO 

100 


*i Art 
100 


75 


221 


85 


46 


15 


222 


96 


N 


N 


223 


96 


93 


48 


224 


93 


27 


XT 

N 


225 


95 


64 


18 


226 


100 


91 


32 


227 


100 


68 


36 


228 


96 


87 


N 




88 


28 


XT 
N 


230 


96 


96 


88 


231 


96 


76 


N 


232 


95 


97 


92 


233 


76 


24 


28 


234 


81 


32 


N 


235 


70 


N 


3 


236 


86 


68 


N 


237 


96 


93 


44 


«-> 1 o 

238 


72 


XT 

N 


XT 

N 


**> *i o 


87 


57 


22 


240 


OD. 


o o 
22 


Zo 




XOO 


O / 


1 J 


^4 ^ 


a n 
o / 


XT 

w 


OO 


^4 J 


Q *> 

O J 


1 A 
1U 


£. J 


OA A 
Z*t 4 


O J 


o fi 


1 fi 




1 fin 

JL VI U 


i nn 


Rfi 


9 A £ 


£1 




XT 

n 




-j 


16 


N 


248 


100 


10 


10 


249 


100 


48 


17 


250 


41 


N 


N 


251 


97 


36 


3 


252 


100 


28 


5 


253 


62 


14 


N 


254 


100 


97 


97 


255 


73 


N 


N 



In vivo 
97 



82 
21 



34 
84 



78 



60 



55 254 100 97 97 40 
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Test Results 





Ex. 
No. 


10 


In vitro (T>r>m) 
1 


0.1 


In vivo 


5 


256 


100 


N 


N 






257 


100 


23 


3 






258 


42 


19 


19 




10 


259 


*80 


11 


19 




260 


77 


N 


N 






261 


78 


25 


14 






262 


100 


70 


13 




15 


263 


50 


N 


7 






264 


100 


88 


2 






265 


100 


14 


5 




20 


266 


100 


61 


21 


4 




267 


61 


64 


18 






268 


100 


N 


N 






269 


100 


91 


N 


4 


25 


270 


100 


100 


96 


87 




271 


100 


100 


95 


97 




272 


100 


23 


14 


0 


30 


273 


100 


48 


35 






274 


67 


10 


N 






275 


94 


81 


22 




35 


276 
277 


84 
94 


63 
81 


N 
69 






278 


75 


50 


N 






279 


47 


N 


N 




40 


280 


38 


21 


24 






281 


43 


N 


4 






282 


78 


15 


3 




45 


283 


42 


3 


N 






284 


*91 


35 


23 






285 


75 


50 


N 






286 


100 


93 


76 




50 


287 


78 


71 


64 






288 


53 


N 


N 





* Tested at 50 ppro, 

55 

Field T sts 

Th compounds of Examples 1-90, 93-99, and 101-288 ar combined with various adjuvants, carriers, and 

73 
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oth r additives and mix d with wheat and barley s d at rates of fr m 0.01 1 50 g active ingredi nt per kg of 
s ed which reduce th incidence f Gg in previously infested fields compared t ch ckfi Idsse ded with un- 
treated seed. 

COMPOSITION EXAMPLES 



Suspension Concentrate: Wt . Pet . 

Compound No. 45 48.900 
Polyoxypropylene-polyoxyethylene block 

copolymer 2.550 

Sodium Lignin Sulfonate 2.040 

10% Dimethylpolysiloxane Emulsion 1.020 

1% Xanthan gum solution 0.990 

Water 43.250 

Emulsifiable Concentrate: Wt.Pct. 

Compound No. 26 13.5 

Ethoxylated sorbitan (20EO) 5.0 

C9 Aromatics 81.5 

Wettable Powder: Wt.Pct. 

Compound No. 12 75.0 

Sodium lignin sulfonate 3.0 

Sodium N-methyl-N-oleyl-taurate 1.0 

Kaolinite clay 11.0 

Granule: Wt.Pct. 
Compound No. 138 1.0 
Propylene glycol 5.0 

Montmorillonite (24/48 mesh) 94.0 

Dust: wt . Pet . 

Compound No. 48 50.0 

Graphite 10 . 0 

Kaolinite clay 40.0 



From the foregoing, it will be seen that this invention is one well adapted to attain all the ends and objects 
hereinabove set forth together with advantages which are obvious and which are inherent to the invention. 

It will be und rstood that certain features and subcombinations are of utility and may be employed without 
reference to other features and subcombinations. This is contemplat dbyandiswithinth scop ofth daims. 

Since many p ssibl emb dim ntsmay be made of th invention without departing from th scope there- 
of, it is to be und rstood that all matter herein set forth or shown in the accompanying drawings is to b inter- 
pret d as iilustrativ and not in a limiting sens . 
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Claim 

1. A compound f the formula 

A 




wherein Z, and Z 2 are C or N and are part of an aromatic ring selected from benzene, pyridine, 
thiophene, furan, pyrrole, pyrazole, thiazole, and isothiazole; 

A Is selected from -C(X)-amine, -C(0)-SR3, -NH-C(X)R4, and -C(=NR3>-XR7; 

B is -W m -Q(R 2 )3 or selected from o-tolyl, 1-naphthyl, 2-naphthyl, and 9-phenanthryi, each option- 
ally substituted with halogen or R* 

Q is C, Si, Ge, or Sn; 

W is -C(R3) P H (2 . p) s or when Q is C, W is selected from -C^pHp. pr , -N(R 3 ) m H (1 . m) - f -S(0)p-, and 

-0-; 

XisOorS; 

n is 0, 1, 2, or when Z^ and Z 2 are part of a benzene, pyrrole, pyridine, or pyrazole ring, n is also 

3; 

m is Oor 1; 
pis 0,1, or 2; 
each R is independently selected from 

a) halo, formyl, cyano, amino, nitro, thiocyanato, isothiocyanato, trimethylsilyl, and hydroxy; 

b) C1-C4 alkyl, alkenyl, alkynyl, C3-C6 cycloalkyl, and cycloalkenyl, each optionally substituted with 
halo, hydroxy, thio, amino, nitro, cyano, formyl, phenyl, C1-C4 alkoxy, alkylcarbonyl, alkylthio, alkyia- 
mino, dialkylamino, alkoxycarbonyl, (alkylthio)carbonyl, alkylaminocarbonyl, dialkylaminocarbonyl, al- 
kylsulf inyl, or aikylsulfonyl; 

c) phenyl, furyl, thienyl, pyrrolyl, each optionally substituted with halo, formyl, cyano, amino, nitro, C1- 
C4 alkyl, alkenyl, alkynyl, alkoxy, alkylthio, alkylamino, dialkylamino, haloalkyl, and haloalkenyl; 

d) C1-C4 alkoxy, aikenoxy, alkynoxy, C3-C6 cydoalkytoxy, cycloalkenyioxy, alkylthio, alkylsulfinyl, ai- 
kylsulfonyl, alkylamino, dialkylamino, alkylcarbonylamino, aminocarbonyl, alkylaminocarbonyl, dialky- 
larninocarbonyl, alkylcarbonyl, alkylcarbonyloxy, alkoxycarbonyl, (alkylthio)carbonyl, phenylcarbonyla- 
mino, phenylamino, each optionally substituted with halo; 

wherein two R groups may be combined to form a fused ring; 

each R 2 is independently selected from alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl and phenyl, 
each optionally substituted with R4 or halogen; and wherein, when Q is C, R 2 may also be selected from 
halo, alkoxy, alkylthio, alkylamino, and dialkylamino; 

wherein two R 2 groups may be combined to form a cycio group with Q; 

Ra is C1-C4 alkyl; 

R4 is C1-C4 alkyl. haloalkyl, alkoxy, alkylthio, alkylamino, or dialkylamino; and 
R 7 is C1-C4 alkyl, haloalkyl, or phenyl, optionally substituted with halo, nitro, or R* 
or an agronomic salt thereof; 

provided that 1) if Z y and Z 2 are part of a benzene ring, (i) n is not zero when B is trimethylsilyl and 
A is N,N-diethylaminocarbonyl, N,N-bis(1-methylethyl) aminocarbonyl, N-methylaminothiocarbonyl, N- 
ethylaminocarbonyl, 1-piperidinylcarbonyl, or N-phenylaminocarbonyl; or when B is ortho-tolyl and A is 
N,N-diethylaminocarbonyl, N,N-bis(1-methylethyl) aminocarbonyl, N-methylaminocarbonyl, or O-me- 
thylcarbamyl; or when B is 1,1-dimethyl ethyl and A is N,N-dimethylaminothiocarbonyl or N-phenylami- 
nocarbonyl; or wh nBistrim thylstannylandAisN,N-di thylamino-carbonylora(1.1-dimethylethyl)car- 
bamyl; 

(ii) when B is 2-trimethylsilyl and A is N,N-diethylaminocarbonyl, R„ is not 3-fluoro-6-formyl, 3-flu ro- 
6-methyl, 3-chloro-6-formyl, 3-fluoro, 3-chlor , 3-chloro-6-methyl, 6-trim thylsilyl, or 6-methyl; 

(iii) when Ais 0-(1,1-dimethylethyl)carbamyi and B is 2-trim thylsilyl, R„ is not5-triflu romethyl; 
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(Iv) wh n A is -C(0)-amin and W m is -0-, R is n t isothiocyanat ; and 

(v) when A is N-ph nylaminocarbonyl and B is 2,2-dimethylpropyl, R„ is not 3-methyi; and 

and provided that 2) if Zi and Z 2 are part of a pyridin ,thi ph ne, furan, pyrrole, pyrazol ,thia- 
zol , or isothiazol ring, B is not trim thylsilyl when A is (di thylamin )carbonyi. 

5 

2. The compound of Claim 1 wherein A is -C(0)-amine, wherein the amino radical is substituted with one or 
two groups selected from hydroxy; alkyl, alkenyl, and alkynyl, which may be straight or branched chain or 
cyclic; alkoxyalkyl; haloalkyl; hydroxyalkyl; alkylthio; alkylthfoalkyl; alkylcarbonyl; alkoxycarbonyl; amino- 
carbonyl; alkylaminocarbonyl; cyanoalkyl; mono- or dialkylamino; phenyl, phenylalkyl or phenylalkenyl, 
10 each optionally substituted with one or more C1-C4 alkyl, alkoxy, haloalkyl, C3-C6 cycloalkyl, halo, ornitro 

groups; and C1-C4 alkyl or alkenyl substituted with pyridinyl, thienyl, or furanyl; and wherein the amino 
radical may be a N-bonded heterocycle selected from morpholine, piperazine, piperidine, pyrrole, pyrro- 
lidine, imidazole, and triazoles, each optionally substituted with C1-C6 alkyl groups. 
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3. The compound of Claim 1 or 2 wherein B is -SKRJ* 

4. The compound of Claim 1 or 2 wherein B is -O-CfR^. 

5. The compound of Claim 1 or 2 wherein B is -NH-C(R2) 3 or -N(CH 3 )-C(R2) 3 . 

20 6. The compound of any of Claims 1-5 wherein each R 2 is independently selected from alkyl, alkenyl, alkynyl, 
cycloalkyl, haloalkyl, and phenyl, preferably C1-C4 alkyl or haloalkyl, more particularly methyl. 

7. The compound of Claim 1 or 2 wherein B is 1-naphthyl, 2-naphthyl, or o-tolyl, optionally substituted with 
halogen or R* 
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8. The compound of any of Claims 1-7 wherein A is alkylaminocarbonyl or dialkylaminocarbonyl, preferably 
ethyiaminocarbonyl. 

9. The compound of any of Claims 1-8 wherein in R,,, n is 1 and R is methyl or halo. 

10. A method of controlling disease in a plant caused by Gaeumannomyces sp. comprising applying to the 
plant locus a fungicidally effective amount of a fungicide of the formula 

A 

/ \ * 

s *^. 

n 

wherein Z t and Z 2 are C or N and are part of an aromatic ring selected from benzene, pyridine, 
45 thiophene, furan, pyrrole, pyrazole, thiazole, and isothiazole; 

A is selected from -C(X)-amine, -C(0)-SR3, -NH-C(X)R4, and -C(=NR3>-XR 7 ; 
B is -W m -Q(R 2 )3 or selected from o-tolyl, 1-naphthyl, 2-naphthyl, and 9-phenanthryl, each option- 
ally substituted with halogen or R4; 
QisC, Si, Ge, orSn; 

W is -C(R3) P H (2 _ pr ; or when Q is C, W is selected from -C^pHp. p) -, -N(R3) m H (1 . m) -, -S(0) p -, and 

-0-; 

XisOorS; 

n is 0, 1, 2, or wh n Z, and Z 2 ar part of a benz ne, pyrrole, pyridin , or pyrazol ring, n is also 

3; 

m is Oor 1; 
pisO, 1,or2; 
each R is independently s I ct d from 
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a) halo, formyl, cyan , amino, nitro, thiocyanato, isothiocyanato, trimethylsilyl, and hydroxy; 

b) C1-C4 alkyl, alk nyl, alkynyl, C3-C6 cycl alkyl, and cycloalkenyl, each ptionally substituted with 
halo, hydroxy, thlo, amino, nitro, cyan , formyl, phenyl, C1-C4 alkoxy, alkylcarb nyl, alkytthi , alkyla- 
mino, dialkylamino, alkoxycarbonyl, (alkyithio)carbonyl, alkylaminocarbonyl, dialkylaminocarbonyl, al- 
kylsulf inyl, or alkylsulfonyl; 

c) phenyl, furyl, thienyl, pyrrolyl, each optionally substituted with halo, formyl, cyano, amino, nitro, C1- 
C4 alkyl, alkenyl, alkynyl, alkoxy, alkylthio, alkyiamino, dialkylamine, haloalkyl, and haloalkenyl; 

d) C1-C4 alkoxy, alkenoxy, alkynoxy, C3-C6 cycloalkyloxy, cycloalkenyloxy, alkylthio, alkylsulfinyl, al- 
kylsulfonyl, alkyiamino, dialkylamino, alkyicarbonylamino, aminocarbonyl, alkylaminocarbonyl, dialky- 
laminocarbonyl. alkylcarbonyl, alkyicarbonyloxy, alkoxycarbonyl, (alkylthio)carbonyl, phenylcarbonyla- 
mino, phenylamino, each optionally substituted with halo; 

wherein two R groups may be combined to form a fused ring; 

each R 2 is independently selected from alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl and phenyl, 
each optionally substituted with R4 or halogen; 

and wherein, when Q is C, R 2 may also be selected from halo, alkoxy, alkylthio, alkyiamino, and dialky- 
lamino; 

wherein two R 2 groups may be combined to form a cyclo group with Q; 
Rais C1-C4 alkyl; 

R4 is C1-C4 alkyl, haloalkyl, alkoxy, alkylthio, alkyiamino, or dialkylamino; and 

R 7 is C1-C4 alkyl, haloalkyl, or phenyl, optionally substituted with halo, nitro, or R* 

or an agronomic salt thereof, or of a compound according to any of the preceding claims. 

11. A fungicidal composition for use in the method of Claim 10 comprising an adjuvant and an amount of a 
compound described therein which is effective to control Take-all. 
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